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SECTION  I 
INTRODUCTION 


On  September  l6,  17,  and  l8,  a review  of  various;  aspects  of  the  Earth 
Resources  Program  was  held  at  the  Manned  Spacecraft  Center,  Houston, 
Texas.  Particular  emphasis  was  placed  on  the  results  of  analysis  of 
data  obtained  with  the  Manned  Spacecraft  Center  and  other  aircraft 
which  have  contributed  data  to  the  program. 

The  review  was  arranged  in  conjunction  with  the  Department  of  Interior, 
Department  of  Agriculture  and  the  Department  of  the  Navy.  Attendees 
and  participants  at  the  meeting  included  program  investigators , their 
immediate  associates,  and  program  representatives  from  the  above  named 
agencies  and  ESSA  and  NASA. 

The  review  was  divided  into  the  disciplinary  areas  of  Geology,  Geography, 
Hydrology,  Agriculture  and  Forestry,  and  Oceanography.  An  additional 
session  was  held  on  instrumentation.  Program  investigators  presented 
the  results  of  their  work  in  each  of  these  areas.  The  material  pre- 
sented is  being  published  in  three  volumes: 

Vol  I — GEOLOGY , GEOGRAPHY , AND  SENSOR  STUDIES 

Vol  II — AGRICULTURE,  FORESTRY,  AND  SENSOR  STUDIES 

Vol  III  — HYDROLOGY,  OCEANOGRAPHY,  AND  SENSOR  STUDIES 

It  should  be  noted  that  the  instrumentation  section  is  repeated  in  all, 
three  volumes  as  much  of  this  material  is  of  interest  to  more  than  one 
discipline. 

The  review  provided  a current  assessment  of  the  program  for  both  manage- 
ment and  technical  personnel.  It  is  important  to  note  that  the  material 
presented  represented  the  current  status  on  ongoing  programs  and  conse- 
quently complete  technical  analyses  will  be  available  at  a later  date. 
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2.  SUMMARY  OF  AIRCRAFT  MISSIONS 


Earth  Resources  Group 
NASA  Manned  Spacecraft  Center 


The  following  table  presents  information  on  the  missions  which  have  been  flown  over  each  of  the  Earth  Resources 
Aircraft  Program  test  sites. 


Site 

Mission 

Site 

Mission 

1 

Not  overflown 

44 

9,  52,  54,  72,  74,  77 

2 

2,  5,  7.  21.  44 

45 

Not  overflown 

3 

2,  8,  13,  21,  30,  56,  78 

46 

1^4,  23,  34,  53,  65 

1* 

10 

47 

Not  overflown 

5 

5 

48 

8,  13,  55,  73 

6 

5 

49 

8,  13 

7 

13,  42,  55 

50 

13 

8 

13 

51 

13,  18,  44,  59 

9 

Not  overflown 

52 

30,  44 

10 

Not  overflown 

53 

Not  overflown 

11 

32 

54 

Not  overflown 

12 

21 

55 

Not  overflown 

13 

Not  overflown 

56 

55,  76,  78 

lit 

12,  43 

57 

Not  overflown 

15 

18 

58 

Not  overflown 

16 

3 

59 

Not  overflown 

17 

Not  overflown 

60 

Not  overflown 

18 

Not  overflown 

61 

Not  overflown 

19 

13,30,56,78 

62 

Not  overflown 

20 

8,  13,  30,  59,  73 

63 

Not  overflown 

21 

18 

64 

Not  overflown 

22 

5,  76 

65 

Not  overflown 

23 

Not  overflown 

66 

Not  overflown 

24 

8,  28 

67 

Not  overflown 

25 

Not  overflown 

68 

Not  overflown. 

26 

2,  7 

69 

Not  overflown 

27 

18,  73 

70 

Not  overflown 

28 

18 

71 

Not  overflown 

29 

4,  10,  12,  19,  43 

72 

73 

30 

Not  overflown 

73 

Not  overflown 

31 

12,  15,  18 

74 

Not  overflown 

32 

11,  12,  16,  17,  24,  27, 

75 

5,  76 

35,  51,  951,  62,  64,  75 

76 

32,  54,  61,  74,  77 

33 

Not  overflown 

77 

Not  overflown 

34 

Not  overflown 

78 

Not  overflown 

35 

Not  overflown 

79 

61 

36 

Not  overflown 

80 

Not  overflown 

37 

Not  overflown 

81 

Not  overflown 

38 

Not  overflown 

82 

Not  overflown 

39 

Not  overflown 

■ 

83 

Not  overflown 

4o 

13,  21,  29,  42,  78 

84 

Not  overflown 

4i 

72 

85 

54,61,74 

42 

Not  overflown 

86 

20,  38 

43 

1^,  25,  31 

Site 


Mission 


Site 


Mission 


87 

22 

138 

34 

88 

25 

139 

Not  overflown 

89 

Not  overflown 

l4o 

Not  overflown 

90 

Not  overflown 

l4i 

61 

91 

Not  overflown 

i42 

53,  65 

92 

Not  overflown 

i43 

47 

93 

47 

144 

54 

9h 

Not  overflown 

145 

67 

95 

23,  36,  50 

l46 

57,  67 

96 

Not  overflown 

147 

67 

97 

9 

148 

53,  77 

98 

23,  36 

149 

Not  overflown • 

99 

23,  34,  40,  49,  50 

150 

53,  65 

100 

Not  overflown 

151 

53,  65 

101 

21,  43 

152 

53,  65 

102 

36 , 4o 

153 

53 

103 

36,  4o 

154 

44 

IOI+ 

36 , 4o 

155 

49,  66,  79 

105 

23 

156 

55,  59,  78 

106 

23 

157 

58,  73 

107 

23 

158 

57 

108 

23,  50 

159 

59 

109 

Not  overflown 

160 

60 

110 

Not  overflown 

161 

65 

111 

Not  overflown 

162 

66,  75 

112 

Not  overflown 

163 

66 

113 

Not  overflown 

164 

66,  79 

llU 

28,  33,  39,  43 

165 

964,67 

115 

Not  overflown 

166 

70 

116 

Not  overflown 

167 

72 

117 

Not  overflown 

168 

74,  79 

118 

54 

169 

Not  overflown 

119 

Not  overflown 

170 

Not  overflown 

120 

Not  overflown 

171 

Not  overflown 

121 

Not  overflown 

172 

79 

122 

Not  overflown 

173 

79 

123 

Not  overflown 

174 

79 

124 

53,  -65 

175 

3 

125 

Not  overflown 

Cape  Kennedy, 

58. 

126 

72 

Florida 

127 

Not  overflown 

Evansville, 

Indiana 

■ 3 , , , . 

128 

26,  34,  37,  4l,  50,  58,  66 

Galveston 

6 

129 

61 

Beach,  Tex- 

130 

28,  29,  42,  56,  73 

as 

131 

Not  overflown 

Junction 
City,  Texas 

64  : : 

132 

40 , 62 , 66 

Mt.  Diablo, 

7'  ' 

133 

40,  62 

California 

134 

40 , 62 

Titusville , 

58 

135 

30^  59 

Florida 

136 

Not  overflown 

Zuni  Salt 
Lake,  New 

21  - 

137 

4o,  62 

Mexico 

The  following  table  presents  information  on  the  test  sites  overflown  during  each  mission  of  the  Earth  Resources 
Aircraft  Program. 


June  30,  1964 
Nov.  30,  1964 
Dec.  21,  1964 
Jan.  17,  1965 
Feb.  11,  1965 
Feb.  26,  1965 
Apr.  20,  1965 
Jtine  2,  1965 
June  9,  1965 
June  17,  1965 
June  21,  1965 
July  2,  1965 
Sept.  22,  1965 
Nov.  15,  1965 
Dec.  17,  1965 
Dec.  22,  1965 
Jan.  5,  1966 
Jan.  7,  1966 
Feb.  15,  1966 
Mar.  6,  1966 
Apr.  2,  1966 
Apr.  16,  1966 
May  7,  1966 
May  14,  1966 
June  30,  I966 
July  6,  1966 
July  8,  1966 
July  25,  1966 
Aug.  8,  1966 
Aug.  30,  1966 
Sept.  15,  1966 
Sept . 19 , 1966 
Oct.  3,  1966 
Oct.  11,  1966 
Dec.  5,  1966 
Dec.  6,  1966 
Dec.  l4,  1966 
Jan.  22,  1967 
Feb.  4,  1967 
Feb.  21,  1967 
Feb.  24,  1967 
Mar.  6,  1967 
Mar.  l4,  1967 
Mar.  21,  1967 


Functional  check  flight 
2,  3,  26 

16,  175;  Evansville,  Indiana 

29 

2,  5,  6,  22,  75 
Galveston  Beach,  Texas 

2,  26;  Mt.  Diablo,  California 

3,  20,  24,  48,  49 
44,  97 

4,  29 

32 

l4,  29,  31,  32 

3,  7,  8,  19,  20,  40,  48,  49,  50,  51 
43,  46 
31 


15,  21,  27.  28,  31,  51 


2,  3,  12,  4o,  101;  Zuni  Salt  Lake,  New  Mexico 

87 

^6,  95,  98,  99,  105,  106,  107,  108 
32 

43,  88 
128 

32 

24,  Il4,  130 
40,  130 

3,  19,  20,  52,  135 
43 

11,76 

ii4 

46,  99,  128,  138 
32 

95,  98,  102,  103,  104 
128  


99,  102,  103,  104,  132,  133,  134,  137 
128 

7,  4o,  130 
14,  29,  101,  Il4 
2,  51,  52,  154 


May  11,  1967  93i  143 


Mission 

Date 

Site 

h9 

June  8,  1967 

99,  155 

50 

June  12,  1967 

95,  99,  108,  128 

51 

June  23,  1967 

32 

951 

July  6,  1967 

32 

52 

June  27,  I967 

1»1* 

53 

Ju,'.y  10,  1967 

46,  124,  i42,  i48,  150,  151,  152,  153 

5ij 

July  31,  1967 

44,  76,  85,  118,  144 

55 

Aug.  l‘i,  1967 

7,  48,  56,  156 

56 

Sept.  6,  1967 

3,  19,  130,  157 

57 

Sept.  18,  1967 

l46,  158 

58  ' 

Aug.  30,  1967 

128,  Cape  Kennedy,  Florida,  Titusville,  Florida 

59 

Oct.  16,  1967 

20,  51,  135,  156,  159 

60 

0(5t.  30,  1967 

160 

6l 

Jiov.  13,  1967 

76,  79,  35,  129,  l4l 

62 

Dec.  I4,  1967 

32,  132,  133,  134,  137 

63 

Canceled 

! 1 

' 96^t 

Jan.  5,  1968 

165 

614 

Jan.  9,  1968 

32;  Junction  City,  Texas 

65 

Jan.  16,  1968 

46,  124,  i42,  150,  151,  152,  161 

66 

Feb.  5,  1968 

128,  132,  155,  162,  163,  164 

67 

Feb.  26,  1963 

145,  146,  147,  165 

68 

Canceled 

69 

Canceled 

1 

70 

Apr.  3,  1968 

166 

71 

Canceled 

72 

May  6,  1968 

4l,  44,  126,  167 

73 

May  21,  I968 

20,  27,  48,  72,  130,  157 

Ih 

June  ll»,  1968 

44,  76,  85,  168 

75 

July  1,  1968 

32,  162 

76 

July  15,  1968 

22,  56,  75 

77 

July  29,  1968 

44,  76,  l48 

78 

Aug.  26,  1968 

3,  19,  4o,  56,  156 

79 

Sept.  9,  1968 

155s  164,  168,  172,  173.  174 
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MISSION  73  AND  ASSOCIATED  TESTS 

By  Robert  H.  Alexander 
Geographic  Applications  Program 
U.S.  Geological  Survey 


INTRODUCTION 


The  Geographic  Applications  Program  of  the  U.S.  Geological  Survey 
conducted  a complex  series  of  remote-sensing  experiments  in  southern 
California  this  spring.  Primary  support  of  the  experiments  was  pro- 
vided Dy  the  NASA  MSU  Convair  2U0A,  mission  73,  Southern  California 
Test  Site  for  Geography,  No.  130,  May  21-2U , 1968.  We  refer  here  to 
the  whole  series  of  aircraft  flights  and  field  data-gathering  activ- 
ities, extending  from  mid-April  to  mid-June,  as  mission  73,  even  though 
this  is  a somewhat  broader  meaning  than  that  used  in  the  Manned  Space- 
craft Center  Aircraft  Program. 

The  idea  of  a combined  research  effort  by  a number  of  investigators 
took  shape  in  the  fall  of  1967  during  the  program  review  in  the  Wash- 
ington Office  of  Che  Geographic  Applications  Program.  Until  that  time, 
test  site  missions  in  the  geography  program  were  carried  out  on  ar  in- 
dividual basis , that  is , with  one  investigator  making  all  the  arrange- 
ments for  ground  measurements,  flight  line  planning,  liaison  with  the 
Manned  Spacecraft  Center  operational  personnel,  and,  after  the  conclu- 
sion of  the  mission,  data  analysis,  and  interpretation.  Under  that 
procedure,  a great  deal  was  learned  but  none  of  the  investigators  had 
been  able  to  conduct  a truly  multisensor  mission,  one  in  which  photo- 
graphic, thermal  infrared,  passive  microwave,  and  radar  sensors  operated 
over  a single  site  at  a single  time  in  the  presence  of  appropriate 
ground- truth  measurements. 

After  the  geography  investigators  endorsed  the  idea  of  conducting 
a Joint  multisensor  research  mission  at  a single  test  site,  it  became 
possible  to  combine  that  research  mission  v^ith  the  field  demonstration 
of  an  aircrai*t  and  gro^ond  data-gathering  mission  for  visiting  Mexican 
and  Brazilian  scientists. 

Detailed  planning  for  what  was  to  become  mission  73  began  immedi- 
ately and  extended  over  the  next  several  months.  The  successful  con- 
clusion of  the  data-gathering  phase  of  the  effort  (the  coordinated  air 


and  ground  measurements  program)  was  made  possible  by  the  cooperation 
of  a large  number  of  individuals  and  organizations , including  university 
investigators,  representatives  of  the  U.S.  Geological  Survey  and  NASA, 
many  local,  state,  and  federal  governmental  organizations,,  and  repre- 
sentatives of  private  industry. 

The  series  of  experiments  was  designed  to  advance  the  research 
objectives  of  the  Geographic  Applications  Program  which  are,  briefly 
stated,  to  apply  the  technology  of  remote  sensing  from  aircraft  and 
spacecraft  to  the  science  of  geography  and  to  practical  applications  of 
geography  in  earth  resources  studies  and  thereby  to  improve  the  habit- 
ability of  this  planet  by  monitoring  surface  environmental  conditions 
and  changes.  Implied  in  these  objectives  are  programs  for  channelling 
resulting  environmental  information  to  those  who  are  in  a position  to 
shape  resource  management  decisions.  Therefore,  these  experiments  focus 
on  the  spatial  extent  and  regional  scope  of  environmental  problems. 

Public  and  private  organizations  which  have  regional  environmental  respon- 
sibilities and  which  would  be  among  the  consumers  of  remote-sensing  data 
which  may  be  ultimately  obtained  from  earth-orbiting  satellite  systems 
were  involved  in  the  program. 

Figure  3-1  illustrates  the  principal  areas  where  the  remote-sensing 
tests  were  carried  out,  specifically,  Los  Angeles  and  vicinity,  the 
Coachella  Valley,  the  Salton  Sea,  and  the  Imperial  Valley  in  southern 
California,  The  specific  objectives  of  mission  J3  tests  were  to  corre- 
late multisensor  and  ground-truth  observations  and  to  evaluate  the 
feasibility  of  sensors  and  sensor  combinations  as  data- gathering  compo- 
nents in  aircraft  and,  eventually,  spacecraft,  in  four  areas  of  emphasis 
as  illustrated  in  figiire  3-2:  first,  land  use;  second,  urban  problems; 

third,  surface  energy  balance;  and' fourth,  soil  moisture.  The  sensors 
employed  in  the  test  are  listed  across  the  top  of  the  diagram,  roughly 
in  order  of  increasing  wavelength.  The  basic  aircraft  was  the  NASA 
Convair  2k0  which  carried  the  AAS-5  ultraviolet  scanner,  two  PC-8 
mapping  cameras  using  black  and  white  and  color  infrared  film,  four 
Hasselblad  cameras  with  synchronized  shutters  using  color  infrared  film, 
a Reconofax  IV  thermal  infrared  scanner  operating  in  the  8 to  ih  micron 
band,  the  radar  scatterometer , and  four  passive  microwave  radiometersi. 

The  scanning  microwave  radiometer,  producing,  images  in  the  19.35-GHz  r- 
band,  was  cai^ried  by  the  NASA  Convair  990  aircraft  under  the  auspices 
of  the  Goddard  Space  Flight  Center.  The  ultraviolet  absorption  spectro- 
scope developed  by  Barringer  Research,  Limited,  was  carried  aboard  their 
own  plane.  A 12-inch  mapping  camera,  another  bank  of  Hasselblads  fur- 
nished by  the  University  of;^®inessee , and  a TV  camera  were  carried 
aboard  other  aircraft.  It  sWuld  be  clearly  understood,  however,  that 
even  though. these  latter  aircraft  were  not  NASA  aircraft,  they  were 
incoirporated  into  mission  73  as  integral  parts  of  the  overall  series  Of 
experiments  with  full  knowledge,  cooperation,  and  support  of  NASA  offi- 
cials. 
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This  presentation  must  necessarily  be  only  a summary  description 
of  what  happened  and  a sampling  of  the  preliminary  results  and  conclu- 
sions. A preliminary  report  is  already  available,^  and  detailed  report- 
ing On  the  data  analysis  will  take  place  at  several  centers  over  the 
next  few  months.  Because  of  the  diversity  of  the  studies  and  the  rather 
wide  interest  already  generated,  a 1-day  general  briefing  on  the  results 
of  mission  73  is  iinder  consideration. 


LMB  USE 


For  the  land-^use  determinations,  the  basic  sensor  system  employed 
was  the  camera  wi1jh  color  infrared  film.  Special  filter  combinations 
were  tested  for  their  ability  to  make  color  infrared  more  effective  for 
land-use  discrimination  through  a column  of  atmosphere.  The  other  sen- 
sors available  were  also  tested  for  their  ability  to  discriminate  among 
different  types  of  land  use.  Aerial  pbotograi)hy  taken  just  prior  to  the 
flights  of  the  KASA  aircraft  proved  to  be  of  great  value  in  speeding  up 
the  collection  of  basic  land-utse  data.  For  example,  the  aerial  extent 
of  the  type  of  land  use  revealed  by  the  ground  observation  could  be 
quickly  determined  by  reference  to  the  preflight  photography.  In  addi- 
tion, complete  photographic  coverage  (with  color  infrared  film)  of  the 
Imperial  and  Coachella  Valleys  was  obtained  3 weeks  after  the  Convair  2^+0 
flights  in  May  to  verify  land  use  over  the  larger  area  imaged  by  the 
scanning  microwave  radiometer  flown  by  the  NASA  Convair  990.  An  example 
of  determination  of  land  use  with  this  photography  is  shown  in  fig- 
ure 3-3 » with  simultaneous  ground-truth  photographs  documenting  month-old 
cotton  and  mature  alfalfa  sho\m  in  figures  3-^  and  3-5 » respectively.  Thej 
ground  photographs  were  carefully  indexed  to  be  correlated  later  with  i 
the  aerial  photography  and  other  sensor  data.  A similar  land-use  example 
is  shown  in  figure  3-6,  where  the  sharp  tonal,  difference  in  the  field  is 
shown  by  ground  observation  (fig.  3-T)  to  be  the  dividing  line  between 
harvested  and  unharvested  sugar  beets.  The  harvesting  machine  is  shown  ' 
in  figure  3-7  and  can  also  be  seen  on  the  original  color  infrared  photo- 
graph from  which  figure  3-6  was  made.  Data  from  the  ground  and  aerial 
photographs  are  combined  to  be  used  later  in  correlating  land  use  and 
percent  of  crop  cover  with  radiometric  temperatures  obtained  from  the 
passive  microwave  imager . 


^"Mission  Summary  and  Data  Catalog ,”  USGS/NASA  Southern  California 
Remote-Sensing  Test  Program j by  Richard  F.  Pascucci  and  Gary  W.  North, 
August  1968, 
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As  a result  of  the  experiments  which  culminated  with  mission  73s 
we  have  determined  that  color  infrared  film  (Ektachrome  Aero  infrared 
type  8443),  when  used  with  15  + 80B  or  15  + 82B  filters  and  properly 
exposed  and  processed,  is  the  single  most  effective  sensor  for  land-use 
determinations  through  considerable  atmospheric  distances.  This  film 
and  filter  combination  is  now  ready  to  be  tested  in  space. 

Color  infrared  film,  when  specially  filtered,  can  be  processed  to 
a negative.  There  are  several  advantages  to  this.  First,  black  and 
white  prints  can  be  available  within  hours  after  the  pictures  are  taken. 
This  was  accomplished  for  the  first  time  in  mission  73  with  the  result 
that  land-use  field  mapping  was  considerably  more  efficient,  and  loca- 
tion in  the  field  was  greatly  facilitated  with  fresh  aerial  photography. 
Second,  many  options  are  still  available  in  the  processing  of  the  posi- 
tive color  infrared  print.  When  the  film  is  processed  to  a positive 
transparency , the  original  processing  determines  and  limits  the  infor- 
mation content  of  the  film  for  land— use  mapping,  and  errors  in  exposure 
or  processing  are  irretrievable. 

We  also  learned  that  the  scatterometer  has  definite  potential  for 
land-use  discrimination.  Mission  73  is  the  first  test  of  the  scatterom- 
eter for  land-use  determination.  It  is  probable  that  signatures  could  be 
worked  out  for  many  types  of  land  use.  However,  correlative  photography 
is  essential  for  realining  the  signal  from  the  different  angles  so  that 
the  signatures  can  be  correlated  with  the  ground  trace  of  the  flight  path 
rather  than  with  the  time  the  scattered  return  signal  is  received. 

The  thermal  infrared  scanner  can  be  used  for- gross  land-use  deter- 
mination (fig.  3-8)  brt  is  not  as  accurate  for  land  use;  as  photography. 

It  is,  however,  effective  at  night  and  through  smog.  The  AAS-5  ultra- 
violet scanner  (fig.  3-8)  reveals  gross  land-use  features  only  if  they 
are  already  known.'  Nothing  appears  to  be  added  that  is  not  available 
on  the  other  sensors.  Ground  resolution  is  poor.  The  NASA/ Goddard 
scanning  microwave  radiometer  imagery  shows  gross  correlation  with  land 
use.  For  example,  the  U.S. -Mexican  border  is  clearly  distinguishable  in 
the  imagery  because  of  the  sharp  differences  in  land-use  practices  on 
each  side , even  though  ground  resolution  is  poor  (fig.  3-9). 


URBAN  PROBLEMS 


In  the  studies  of  urban  problems,  most  effort  was  concentrated  on 
two  projects,  both  in  the  Los  Angeles  area:  the  determination  of  housing 

quality  and  residential  nei^borhood  environmental  health  conditions 
primarily  with  data  collected  by  cameras  and  color  infrared  film;  and 
the  remote  measurement  of  the  atmospheric  pollutants,  nitrogen  dioxide 
and  sulfur  dioxide,  by  an  absorption  spectroscopy  technique,  correlated 
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with  ground  measurements  of  the  same  pollutants  made  hy  the  air  pollu- 
tion control  districts. 

_ .-  Several  criteria  for  detemining  housing  quality  can  be  observed 
in  black  and  white  photography  and  even  more  on  color  infrared  photog- 
raphy. An  example  is  shown  in  figure  3-10,  which  is  a block  in  the 
Willowbrook  district  of  Los  Angeles.  Housing  quality  and  nei^borhood 
environmental  conditions  improve  with  increasing  distance  from  a junk- 
yard and  railroad.  Figures  3-11  and  3-12  are  illustrations  of  ground- 
truth  data-gathering  activities  for  the  environmental  health  and  housing 
quality  studies.  As  a result  of  the  tests  done  in  mission  73,  it  ap- 
pears certain  that  remote  sensing  from  aircraft  can  provide  a large 
amount  of  the  data  now  needed  for  environmental  health  surveys  at  a 
greatly  reduced  cost  compared  to  present  methods  of  obtaining  the  same 
dat  a . 

The  Barringer  Absorption  Spectroscopic  measurements  correlate 
reasonably  well  with  visual  observations  (fig.  3-13)  and  ground  moni- 
toring station  measurements  of  nitrogen  dioxide  an‘d  sulfur  dioxide 

3-l4)*  The  ajirborne  traverse  method  is  greatly  superior  to  ground 
monitoring  for  determining  geographic  extent  of  these  air  pollutants. 

The  increased  concentrations  measured  across  the  northern  and  eastern 
portions  of  the  Los  Angeles  Basin  make  sense  geographically. 

Several  categories  of  urban  land  use  can  be  determined  from  remote- 
sensor  data  alone;  thermal  infrared  scanner  imagery  shows  promise  for 
observations  at  ni^t  or  through  heavy  air  pollution.  The  fact  that 
lorbanized  areas  can  be  located  and  appear  cold  in  the  passive  microwave 
imagery  shows  promise  for  further  research;  for  example,  as  a possible 
gross  measure  of  built-up  area  in  regional  surveys. 


SURFACE  ENERGY  BALANCE 


Studies  of  the  energy  balance  of  the  earth  surface  and  its  response 
to  land-use  changes  brought  about  by  man’s  activities  may  be  among  the 
major  long-run  applications  of  spaceborne  remote  sensors,  in  addition, 
knowledge  of  microclimatic  factors  gained  from  energy  balance  studies 
will  be  an  aid  to  interpretation  of  thermal  infrared  imagery  which  is 
becoming  more  widely  available.  The  purpose  of  the  portions  of  mis- 
sion 73  experiments  dealing  with  surface  energy  balance  was  to  test 
remote-sensor  techniques  for  assessing  the  quantity  of  reflected  short- 
wave radiation  and  emitted  longwave  radiation  from  the  earth  surface. 
Cameras,  a radiometer,  and  a thermal  infrared  scanner  provided  airborhe 
sensor  data  to  correlate  with  ground  measurements.  Field  measurements 
of  reflectance  of  various  surface  features  were  accomplished  with  a 
spectroradiometer  and  a photometer.  Surface  thermal  emission  was  esti- 
mated with  the  aid  of  a hand-held  radiometer  and  contact  surface 
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temperature  measurement  devices.  Calibrated  reflectance  and  emission 
panels  (fig.  3-15)  set  up  on  a prominent  place  along  the  flight  line 
provided  reference  values  against  which  to  compare  film  density  and 
color  measurements . 

The  infrared  scanner  (Reconofax  IV).used  in  these  tests  is  inade- 
quate for  quantitative  temperature  measurements  that  would  be  needed  for 
energy  balance  studies.  The  automatic  gain  control,  lack  of  calibrated 
signal,  and  lack  of  tape  storage /precludes  serious  consideration  of  this 
instrument  for  all  but  the  most  cursory  observations  of  outgoing,  long- 
wave radiation.  For  example,  tyo  separate  thermal  wells  in  the  Imperial 
Valley  gave  identical  brightness  returns  in  the  infrared  imagery.  Field 
checking  revealed  that  one  was/  inactive  at  97°  F and  the  other  active 
and  with  a surface  temperature/  of  235°  F.  Until  calibrated  images  can 
be  obtained,  an  infrared  radiometer  will  be  of  more  value  in  energy 
budget  studies  than  the  scanner.  Where  bodies  of  open  water  are  pres- 
ent, there  is  excellent  indication  that  the  scanning  microwave  radiom- 
eter can  record  areas  of  wind  disturbance  and  hence  horizontal  energy 
transfer.  On  June  7,  the  northern  portion  of  the  Salton  Sea  was  rela- 
tively calm,  while  the  southern  portion  was  subjected  to  high  winds  and  ■ 
was  extremely  choppy . The  distinction  was  clearly  shown  on  the  passive 
microwave  imagery  (fig.  3-16).  The  average  microwave  brightness  tem- 
peratures in  the  northern  part  were  158°  K,  while  those  of  the  southern 
part  were  174°  K.  The  advantages  of  magnetic  tape  storage  and  computer 
data-processing  capability  are  illustrated  in  the  three  playbacks  of 
the  same  image  of  the  Salton  Sea  obtained  with  the  imaging  passive 
microwave  radiometer  (fig.  3-17). 


SOIL  MOISTURE 


Soil  moisture  was  chosen  for  special  emphasis  in  these  experiments 
not  only  because  it  is  an  important  part  of  the  water  resource  but also 
because  its  presence  a,t  and  near  the  surface  influences  the  quality  of 
data  returns  from  a variety  of  remote  sensors.  It  would,  therefore,  be 
of  great  value  not  only  to  determine  the  distributions  and  concentration 
of  soil  moisture  but  also  to  be  able  to  correct  for  soil  moisture  effects 
in  remote-sensor  data.  The  passive  microwave  sensors  were  expected  to 
provide  basic  quantitative  information  on  soil  moisture  assuming  that 
proper  calibration  of  the  instruments  could  be  done.  Supporting  datia 
from  the  airborne  infrared  and  photographic  sensors  were  expected  to 
aid  in  soil  moisture  assessment  in  a qualitative  way.  Ground  control 
information  was  obtained  from  standard  soil  moisture  sampling,  augmented 
by  knowledge  of  irrigation  schedule  and  procedures . 
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We  were  disappointed  in  the  results  of  the  passive  microwave  radiom- 
eters aboard  the  Convair  240,  In  future  experiments,  integration  times 
shorter  than  1 second  are  necessary  so  that  the  signal  responds  to  a 
smaller  area  on  the  ground,.  Also,  boresighted  cameras  or  some  other 
means  of  locating  the  signal  precisely  on  the  gro-und  are  essential. 

Since  there  is  considerable  interest  in  making  the  measurements  at  night 
as  well  as  in  the  daytime,  some  innovations  in  procedures,  such  as  flash 
photography,  are  called  for  in  future  research  efforts.  The  calibrated 
scanning  microwave  radiometer  shows  promise  for  soil  moisture  determina- 
tion, but  considerable  research  is  needed  on  the  problem  of  correlating 
the  point  measurements  of  soil  moisture  on  the  ground  with  the  area 
measurements  obtained  by  the  remote  sensor.  Ground  measurements  with 
passive  microwave  radiometers  show  promise  of  being  able  to  determine 
small  concentrations  of  soil  moisture.  Effects  of  viewing  angle  and 
polarization  are  better  understood  as  a result  of  the  measurements  that 
were  conducted  during  mission  73.  (See  fig.  3-18.)  A healthy  field  of 
month-old  cotton,  that  is,  one  that  is  not  under  moisture  stress  , seems 
to  be  a clear  indication  of  at  least  10-perbent  soil  moisture  concen- 
tration. Thus  , the  large  fields  in  the  Imperial  Valley  suggest  them- 
selves as  excellent  ground-truth  areas  for  testing  low-resolution 
infrared  or  microwave  radiometers  and  their  ability  to  discriminate  soil 
moisoure  concentrations.  (See  fig.  3-19 •)  The  progress  of  irrigation 
water  in  the  fields  can  be  clearly  seen  on  the  thermal  infrared  imagery 
but  is  almost  completely  obscured  in  the  panchromatic  photograph  taken 
simultaneously  (fig.  3-20). 


PROGRAM  IMPLICATIONS  OF  MISSION  73 


We  are  now  busy  applying  the  results  of  mission  73  to  the  planning 
for  the  coming  year  of  the  Geographic  Applications  Program.  Figure  3-21 
shows  the  matrix  of  sensors  and  applications  with  a preliminary  a.ttempt 
to  evaluate  the  results  of  each  sensor  in  terms  of  each  of  the  four 
major  applications  in  our  program.  For  simplicity  , only  four  gra.dings 
were  used:  excellent,  good,  poor,  and  unusable.  Each  of  the  numbers 

assigned  to  a place  on  the  matrix  results  from  a considerable  amount 
of  analysis  of  the  data  received  thus  far  and  also  represents  a consen- 
sus of  a number  of  the  investigators.  The  chart,  however,  is  not,  self- 
explanatory.  The  absorption  spectroscope,  for  example,  was  rated! 
unusable  in  every  category  except  urban  problems.  Actually,  the  only 
purpose  of  its  test  in  this  experiment  was  to  measure  the  atmospheric 
pollutants  nitrogen  dioxide  and  sulfur  dioxide;  in  the  Los;  Angeles  area. 
Some  explanation  of  the  less  than  excellent  rating  of  the  RC-8  camera 
is  required.  For  land-use  studies  , the  use  of  this  camera  with  the 
color  infrared  film  does,  indeed,  produce  a sharp,  clear  image.  However, 
the  problem  of  vignetting  results  in  a great  variability  in  hue  and 
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intensity  from  the  center  of  the  exposure  to  the  edges.  Therefore, 
land-use  identification  based  on  comparison  of  color  tones  leaves  much 
to  be  desired.  The  12-inch  camera  used  in  mission  73  did  not  have  this 
problem;  therefore,  it  received  a higher  rating.  Also,  as  a result  of 
these  experiments , we  found  the  Hasselblad  with  color  infrared  film 
just  as  valuable  for  land-use  identification  as  the  RC-8.  Owing  to  the 
much  smaller  costs  in  both  operation  and  film  processing,  we  believe 
the  Hasselblad  should  be  used  much  more  in  the  future  for  land-use  ex- 
periments than  the  RC-8.  Blank  squares  in  the  chart  represent  cases 
where  we  do  not  yet  know  the  answers  or  have  not  had  time  to  evaluate 
the  data.  Figure  3-22  shows  the  same  matrix  of  sensors  versus  appli- 
cations with  our  recommendations  for  future  research  using  the  mis- 
sion 73  sensors.  Category  1 represents  those  applications  which  are 
now  ready  to  be  tested  in  space.  Note  that  the  Hasselblad  cameras  and 
the  12-inch  cameras  are  the  only  sensors  presently  in  this  category, 
and  their  use  with  color  infrared  film  is  of  the  highest  priority.  The 
research  would  be  advanced  greatly  if  we  could  now  obtain  data  from 
space  over  geographic  test  sites  in  conjunction  with  simultaneous 
measurements  made  on  the  ground  and  hopefully  also  from  medium-  and 
high-flying  aircraft. 

Most  of  the  other  sensprs  require  further  aircraft  testing  and  are 
indicated  by  category  2.  Note  that  for  certain  applications  some  of 
these  sensors  are  recommended  to  be  dropped  (category  4).  For  example, 
the  AAS-5  scanner  with  ultraviolet  detector  has  not  proved  to  be  of 
sufficient  value  to  our  research  to  warrant  further  use.  Also,  the 
MR-62  and  MR-64  passive  microwave  radiometers,  as  presently  operated, 
and  with  their  considerable  difficulty  in  data  processing,  will  be  in 
this  category  based  on  our  preliminary  evaluation.  We  are,  however, 
considerably  interested  in  obtaining  data  from  microwave  radiometers, 
particularly  for  soil  moisture  and  energy  budget  applications.  Some  of 
the  cameras,  for  example  the  RC-8  carrying  the  black  and  white  film, 
are  required  for  indexing  only  and  are  so  indicated  by  category  3. 

It  does  not  seem  to  be  proper  use  of  the  RC-8  camera,  however,  as  an 
indexing  reference  for  pinpointing  the ground  locations  of  data  from 
other  sensors.  Less  expensive  cameras  could  do  the  job  and  should,  in 
fact , be  boresighted  with  the  radiometers  or  other  sensors  for  which 
location  is  desired.  We  also  require,  from  means  such  as  flash  photog- 
raphy, the . obtaining  of  indexing  information  at  night  when  the  infrared 
and  microwave  radiometers  are  required  to  be  tested. 

The  many  activities  which  were  included  in  mission  73  could,  of 
course,  have  been  carried  out  separately.  For  some  purposes , it  is 
valuable  to  carry  out  intensive  remote-sensing  experimentation  at  a 
single  small  highly  instrumented  site.  For  other  purposes , the  require- 
ment is  for  small-scale,  lange-area,  high-altitude  coverage,  generally 
for  assessment  of  regional  and  seasonal  differences  in  the  environment. 
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There  are  advantages  of  including  in  the  remote-sensing  program  a broad 
complex  mission  such  as  mission  73.  Among  these  advantages  are  the 
following:  (l)  time,  one  of  the  most  troublesome  variables  in  envi- 

ronmental studies , is  held  nearly  constant  where  simultaneous  measure- 
ments are  made  in  several  spectral  bands  over  a large  area;  (2)  there 
is  an  obvious  economy  in  aircraft  time,  as  well  as  time  spent  by  ground 
parties,  when  several  remote-sensor  tests  are  carried  out  at  once  using 
data  from  the  same  aircraft  passes  and  the  same  ground  data  such  as 
soil  temperature,  soil  moisture,  and  so  forth;  and  (3)  a more  rapid  ex- 
change of  knowledge  and  techniques  is  fostered  when  several  diverse 
groups  combine  in  one  remote- sensing  mission.  For  example,  the  geolo- 
gists benefited  from  the  film  and  filter  combinations  developed  by  the 
geographers  for  land-use  analysis.  The  agriculture  specialists  learned 
of  new  research  techniques  form  the  specialists  in  passive  microwave 
radiometry.  The  air  pollution  research  people  benefited  from  contact 
with  the  people  who  had : developed  methods  for  data  collection  with  remote 
sensors.  And  the  city  and  county  planning  commissions,  charged  with 
obtaining  data  on  housing  quality  and  neighborhood environmental  health, 
learned  that  much  of  the  information  they  require  can  be  obtained 
through  remote  sensing  more  cheaply  and  effectively  than  through  their 
conventional  techniques.  Each  of  the  examples  cited  was  realized  spe- 
cifically in  mission  73.  Finally,  with  a large  mission,  such  as  mis- 
sion 73,  there  is  considerable  benefit  for  educational  training  and 
demonstration  purposes,  and  when  we  are  ready  to  conduct  the  spacecraft 
remote- sensing  missions  with  appropriate  ground  measurements,  a region- 
wide mission  of  the  character  of  mission  73  may  well  prove  to  be  the 
most  effective  way  of  calibrating  the  sensors  and  evaluating  the  results 
of  the  early  spacecraft  test  site  experiments.  Medium-  and  low-flying 
aircraft  will  still  be  needed  for  correlation  with  smaller-scale  space- 
craft imagery. 
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Figure  3-1.-  Location  of  mission  73  geographic  experiments 
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3.-  Agricultural  land  use.  Imperial  Valley 
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Figure  3-^.-  rrround  photograph  of  month-old 
of  arrow  in  figure  3-3.  Black  and  white 


cotton,  taken  in  Imperial  Valley  at  location 
reproduction  of  color  inrrared  photograph. 
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Figure  3-5 «-  Ground  photograph  of  mature  alfalfa,  showing  100-percent  ground  cover,  taken  in 
Imperial  Valley  at  J.ocation  of  arrow  in  figure  3-3.  Black  and  white  reproduction  of  color 
infrared  photograph. 


Figure  3-6.-  Agricultural  l^jid  use  in  the  Imperial  Valley.  Black  and  white  print  of  color  in- 
frared photograph  taken  from  20  000  f t ^ 12-in.  camera.  Arrow  shows  location  of  ground  photo- 
graph verifying  sugar  beet  harvesting.  (Gallaher  - June  1968). 
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Figure  3-7. ~ Sugar  beet  harvesting  operation.  Imperial  Valley.  Ground  photograph  taken  at  lo 
tion  of  arrow  in  figure  3-6.  Black  and  white  reproduction  of  color  infrared  photograph. 


Ultraviolet,  AN/AAS-5  sensor,  flown  May  21,  I968 


b.  Thermal  IR,  Reconofax  IV  sensor,  flown  May  21,  I968 


Figure  3-8.-  Comparison  of  ultraviolet  imagery  from  the  AA.S-5  scanner 
with  thermal  infrared  imagery  from  the  Reconofax  IV  scanner.  Portion 
of  Jackson  Street,  Indio.  NASA  Convair  2UO-A. 
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Figure  3-9.-  Passive  microwave  imagery  of  Mexiciin-Amer lean  "border  area. 
Imperial  Valley.  Dark  tones  on  this  image  represent  cool  radiometric 
temperatui'es ; light  tones  represent  warm.  Black  and  white  reproduc- 
tion of  :olor  TV  display  of  digital  data  stored  on  magnetic  tape. 
North  is  to  the  right.  NASA  Convair  990,  approximately  kO  000  ft, 
June  1968. 
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Figure  3-10.-  Portion  of  the  Willowbrook  district  of  Los  Angeles,  illus- 
trating improving  residential  environmental  conditions  with  increasing 
distance  from  railroad  and  junkyard  at  top  of  photograph.  North  is 
toward  the  left.  Black  and  white  reproduction  of  color  infrared 
photograph.  NASA  Convair  2U0,  PC-8,  mission  73,  May  2k,  I968. 


Figure  3-12.-  Urban  field  team  obtaining  ground-truth  observations  for 
Los  Angeles  area  flight  line  in  Santa  Monica.  Black  and  white  repro- 
duction of  NASA  color  photograph  (Moncrief).  May  2U,  1968. 
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Figure  3-13.-  Aerial  view  of  smog  over  Los  Angeles.  Looking  north 
toward  San  Gabriel  Range.  NASA  photograph  (Moncrief)  taken  from 
Barringer  research  aircraft.  May  23,  1968. 
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Figure  3-lU 


Plots  of  sulfur  dioxide  (concentration  times  path  length)  measurements  obtained 
with  Barringer  absorption  spectroscope. 
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b.  Rough  sea. 

Figure  3-16.-  Passive  microwave  (19*35  GHz)  image  of  Salton  Sea.  Cooler 
radiometric  temperat^ires  at  northern  (calm)  end;  warmer  radiometric 
temperatures  at  southern  (choppy)  end.  Black  and  white  reproduction 
of  color  TV  display.  NASA  Convair  990,  UO  000  ft,  June  1968. 


Figure  3-lT*-  'i’nree  playbacks  of  same  passive  microwave  image  of  Salton  Sea, 
advantages  of  magnetic  tape  storage  and  computer  data-processing  capability 
990,  June  1968. 
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Figure  3-19.-  Cotton  teing  irrigated,  Imperial  Valley.  Black  and  white 
reproduction  of  NASA  color  photograph  (Moncrief)  May  21,  I968. 


3-30 


a.  Reconofax  IV  sensor,  8y  to  lUy  (date  flown: 

May  21,  1968). 

Figure  3-20.-  Fields  under  irrigation,  showing  advan- 
tage of  thermal  infrared  image  (Reconofax  IV)  over 
panchromatic  photograph  (RC-8)  for  identification 
oi  moist  area.  (U.S.G.S. /NASA  Geographic  Applica- 
tions Program. ) 


Figure  3-20  (b),  RC-6  camera  sensor, 
panchromatic  film.  (date  flov/n,  May  21 


USGS/N AS A 

Geographic  Applications  Program 


(preliminary):  (l)  excellent,  ( 

(U)  unusable. 


2)  good. 


LAND  USE 

□ 

3 

2 

a 

D 

1 

2 

4 

2 

B 

2 

URBAN 

a 

2 

3 

2 

n 

D 

D 

2 

2 

2 

B 

2 

ENERGY  BUDGET 

a 

2 

3 

3 

3 

3 

2 

2 

B 

B 

4 

2 

SOIL  MOISTURE 

□ 

3 

2 

3 

2 

2 

2 

B 

2 

B 

2 

Sensors  carried  aboard  NASA  aircraft 


USGS/N ASA 

Geographic  Applications  Program 


Figure  3-22.-  Recommendations  for  future  research  (mission  73  sensors):  (l)  ready  for  space, 

(2)  further  aircraft  testing  required,  (3)  required  for  indexing  only,  and  {h)  drop. 
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SOUTHERN  CALIFORNIA  REGIONAL  RESOURCES  STUDIES 
By  Leonard  W.  Bowden 

Department  of  Geography,  University  of  California,  Riverside 

INTRODUCTION 


The  Southern  California  Test  Site  130  was  established  in  August  1966 
in  the  Geographic  Applications  Program  as  one  of  a number  of  test  sites 
for  detailed  testing  of  sensor  capabilities  versus  geographic  cha^racter- 
istics  and  data  needs.  Besides  the  physical  and  cultural  diversity  of 
the  region,  encompassing  a major  coastal  metropolitan  center  and  its 
arid  hinterland,  advantages  of  southern  California  as  a remote- sensing 
test  site  include  more  than  300  days  of  suitable  flying  weather  per 
year  and  an  excellent  road  network,  enabling  ground  parties  to  travel 
diverse  subregions  in  a reasonably  short  time.  The  area  is  moderately 
well  documented  in  terms  of  geologic,  hydrologic,  land-use,  cadastral, 
topographic,  and  vegetation  data,  as  well  as  extensive  aerial  photo- 
graphic coverage.  There  are  wilderness  and  preserved  areas  adjacent  to 
highly  developed  urban  and  recreation  areas;  there  are  intensively  irri- 
gated lowlands  next  to  deserts,  forests,  and  mountains;  and  there are 

old  residential  areas,  modern  sprawling  suburbs,  and  diversified  com- 
mercial, industrial,  and  transportation  activities.  Recurring  forest 
fires,  flash  floods,  landslides,  and  the  ever-present  danger  of  earth- 
quakes are  additional  characteristics  of  the  a:rea.  Most  recently,  there 
have  been  conflicts  resulting  from  air  pollution,  highway  traffic  con- 
gestion, competition  for  land  for  urban  growth,  and  social  unrest. 


TEST  SITE  OPERATION 


The  test  site  was  originally  operated  by  the Departments  of  Geogra- 
phy at  the  University  of  California  Riverside  and  Los  Angeles  campuses, 
under  contract  with  the  Geographic  Applications  Program,  with  funds  pro- 
vided by  the  NASA  Earth  Resources  Program.’^  As^of  August  1968,  the  test- 
site  operation  is  contracted  solely  to  the  Department  of  Geography, 
University  of  California,  Riverside.  The  remote-sensing  data  shown  in 
table  4-1  have  been  obtained  from  the  Convair  240A  and  the  P3A,  both  of 
the  Manned  Spacecraft  Center  (MSC)  Aireraft  Program. 
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TABLE  U-I.-  DATA  RECEIVED  FROM  EARTH  RESOURCES 
AIRCRAFT  PROGRAM  AT  TEST  SITE  130- 


Sensor 

Mission 

Air- 

craft 

Date 

flown 

Date 

received 

RC-8 

Multi- 

band 

Nikon 

R-IV/RS-7 

AAS-5 

Micro- 

wave 

radi- 

ometer 

Micro- 

wave 

imager 

Scatter- 

ometer 

29 

926 

8/8/66  to 
8/12/66 

10/15/66 

X 

■ 

X 

X 

X 

ro 

927 

3/6/67  to 
3/8/67 

6/4/67 

X 

■ 

56 

927 

9/6/67  to 
9/9/67 

3/14/68 

X 

■ 

X 

73 

926 

5/21/68  to 
5/28/68 

6/3/68 

X 

X 

1 

X 

X 

X 

X 

The  test  site  has  also  benefited,  from  data-gathering  flights  by  a 
number  of  other  aircraft  equipped  variously  with  side-looking  airborne  ^ 
radar,  a high-altitude  telescopic  sensor,  a four-band  multispectral 
c^era  along  with  cameras  carrying  color  and  color  infrared  (IH)  film  i 
(in  association  with  Edward  Yost  of  Long  Island  University),  and  a new 
commercial  thermal  IR  scanner  (Bendix  Aerospace  Systems  Division);  by 
privately  flown  color  IR  of  several  subregions;  by  passive  microwave 
imagery  and  matching  "color  aero  neg"  from  mSA/AMEi3  990;  and  by  high- 
altitude  military  photography  and  radar.  Color  photographs  taken  by 
the  Gemini  astronauts  over  the  test  site  have  been  obtained  and  analyzed. 
Also,  gross  characteristics  of  the  region  are  shown  by  television  images* 
from  the  Nimbus  and  Advanced  Technology  Satellite  (ATS)  spacecraft. 

The  following  five  broad  characteristics  of  the  regional  geography 
of  southern  California  are  being  investigated  with  regard  to  the  poten- 
tial of  aircraft,  and  eventually  spacecraft,  sensing  feasibility  and 
capability: 

1.  Land  use  — pattern,  change,  and  variability 

2.  Settlement  patterns  “—  urban  and  rural,  migration,  seasonal 
variability,  and  rate  of  change 

3.  Problems  of  the  urban  environment  ■ — transportation , congestion, 
environmental  health,  pollution,  and  fire  and  flood  danger 

4 . Ecological  landscape  — vegetation  pattern,  types  of  plants  and 
crops,  and  transitional  and  altitudinal  variations  of  plant  and  animal 
life 
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5.  Physical  environmental  factors  — climatic  patterns  and  change, 
heat  and  water  balance,  soils,  vegetation,  and  landform  type  and  texture 

While  the  overall  concept  of  regional  resource  analysis  has  not  been 
abandoned,  various  missions  were  more  specifically  defined.  Objectives' 
of  recent  tests  were  to  correlate  multisensor  and  ground-truth  obser- 
vations and  to  evaluate  the  feasibility  of  sensors  and  sensor  combina- 
tions as  data-gathering  components  in  aircraft  (and  eventually  spacecraft) 
in  the  following  areas  of  emphasis:  land  use,  urban  problems,  surface  ’ 

energy  balance,  soil  moisture,  vegetation  mapping,  and  air  pollution  anal- 
ysis. . 

The  following  section  is  a summary  evaluation  of  each  sensor  listed 
in  table  4-1.  However,  one  crucial  point  that  applies  to  all  the  mis- 
sions (except  mission  73)  is  the  time  lag  between  the  date  flown  and 
the  date  received  of  the  data.  Note  particularly  the  T-month  period 
that  elapsed  on  mission  56  (table  4-1) * As  a result,  none  of  the  eval- 
uations could  be  considered  timely  or  q.uantitat?lve  because  the  ground- 
truth  data  and  the  experiences  of  the  ground  teams  grew  cold  during  the 
long  waiting  period.  Often,  the  researchers  moved  on  into  other  and  dif- 
ferent endeavors  and  were  then  forced  to  go  back  and  pick  up  an  almost 
forgotten  mission  by  the  time  the  data  arrived.  The  opportimity  to  re- 
turn to  the  field  and  to  evaluate  the  anomalies  that  appeared  in  the 
data  was  often  lost  or  fruitless. 


EVALUATION  OF  SENSOR  DATA  RECEIVED 


1.  Mission  29 

a.  RC-8  (8443  film  with  15  filter).  The  resolution  was  poor,, 
and  no  color  contrast  or  hue  was  obtained.  The  data  were  rated  as  "not 
quite  as  good  as  if  they  had  flown  Plus-X. " Land-use  mapping  was  pos- 
sible (sca3x'  1:20  000),  but  vegetation,  hydrology,  urban  analysis,  or 
spectral  reflectance  were  impossible  to  detect.  One  positive  fad€or  of 
mission  29  was  that  the  inferior  color  IR  film  initiated  a success^l 
search  for  filter  combinations  that  have  made  color  IR  imagery  one  of 
the  most  successful  sensor  pacjkages  available. 

b.  Microwave  radiometer  data.  The  radiometric  profile  was 
uncalibrated  and  could  not  be  tied  to  known  targets  along  the  flight 
line.  The  data  were  rated  as  "useless." 

i ..  .1  ■ ■ ■ i ■ . 

c.  Reconofax  IV,  classified  confidential  at  the  time  of  flight. 
Because  of  the  difficulty  of  working  with  classified  material  in  a uni- 
versity environment,  the  data  were  never  fully  analyzed.’  Overall  eval- 
uation came  later  when  additional  thermal  IR  imagery  was  received  from 
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later  missions  or  other  (non-NASA)  sensors.  The  greatest  value  of  Re- 
conofax  IV  imagery  was  as  a basis  of  comparison  and  training  for  later 
missions. 

i ■ ' ' 

d.  AAS-5,  classified  confidential  at  the  time  of  flight.  The 
data  in  this  mission  were  originally  intended  for  use  in  "smog”  analysis. 
Later  unclassified  AAS-5  imagery  has  indicated  there  is  little  or  no 
potential  for  this  sensor  in  air  pollution  research  or  energy  budget 
studies. 

2.  Mission  42 

a.  RC-8  (8442  film  and  8443  film  with  15  filter).  Of  all  the 
missions  and  all  the  sensors,  this  package  was  the  most  outstanding  and 
most  useful  received.  Flown  at  high  altitude,  mission  42  provided  small- 
scale,  high-resolution  color  photography  in  both  the  visible  and  near  IR 
regions  over  a variety  of  landscapes.  The  uses  of  this  film  have  pro- 
duced urban  and  agriculture  land-use  maps,  housing  quality  studies, 
vegetation  maps , designs  for  regional  planning,  hydrologic  maps,  and 
"open  space"  study  reports.  The  8443  film  (color  IR)  from  mission  42 
has  almost  become  the  standard  from  which  to  judge  the  utility  or  diver- 
sity of  other  imagery  sensors  in  test  site  130. 

b.  One  unfortunate  aspect  of  mission  42  was  that  no  other  sen- 
sor was  operational  with  which  to  compare  the  high-quality  photograph 
for  multisensor  application. 

3.  Mission  56 

a.  RC-8  (2  cameras:  8443  film  with  15  filter  and  8443  film 

with  22  filter),  almost  as  good  as  the  color  IR  imagery  from  mission  42. 
Part  of  the  objective  was  to  analyze  the  utility  of  the  two  filters 
wheii  imaging  arid  environments.  Although  not  as  successful  as  antici- 
pated, mission  56  paved  the  way  to  the  research  on  additive  filters  that 
is  now  part  of  a technical  report  (Pease,  Robert  W. ; and  Bowden, 

Leonard  W. : Making  Color  Infrared  A More  Effective  High  Altitude  Sensor). 

b.  RS-7 , classified  confidential.  The  imagery  cannot  be  de- 
scribed here  except  to  say  that  it  provided  the  opportunity  to  examine 
and  evaluate  high-altitude  thenrinl  IR  imagery  of  the  same  targets  flown 
daytime  and  nighttime. 

4.  Mission  'J:i  All  the  sensors  and  the  preliminary  findings  are 
evaluated  in  the  previous  report  by  Robert  H,  Alexander.  Overall,  the 
mission  was  successful  and  the  results  encouraging.  The  aiaount  of  work. 
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effort,  and  "sweat"  that  went  into  mission  73  on  the  part  of  the  per- 
sonnel of  test  site  130,  the  other  user  agencies,  and  the  aircraft  pro- 
gram was  enormous.  As  principal  investigator,  I would  like  to  commend 
and  thank  the  more  than  150  people  who  participated.  Mission  73  might 
well  he  the  initial  step  in  a somewhat  more  practical  operation  of  liiul- 
tisensor,  multiaircraft  and  spacecraft,  and  multidiscipline  test  sites. 
The  idea  of  combining  these  aspects  rather  than  proliferating  small  hut 
diverse  test  sites,  as  in  the  past,  is  well  worth  examining  for  future 
research  and  application. 

A variety  of  other  data  from  the  aircraft  program  have  heen  re- 
quested to  meet  specific  needs.  For  example,  the  panchromatic  and  color 
IR  imagery  flown  for  test  site  27  (Salton  Sea)  was  used  in  connection 
with  the  analysis  of  the  automatic  lock-on  tracking  system  imagery  taken 
of  the  same  area.  Imagery  flown  over  test  site  26  (Scripps  Beach)  was 
used  in  evaluating  the  Westinghouse  side-looking  airborne  radar  (SLAR) 
(missions  101  and  102)  of  the  coast  of  southern  California,  as  was  the 
imagery  from  test  site  2 (Pisgah  Crater)  for  evaluating  both  SLAR  and 
Bendix  thermal  mapper  imagery.  The  combined  photographic  coverage  from 
all  the  missions  has  contributed  significantly  to  our  comparative  eval- 
uation ‘of  the  imaging  microwave  radiometer  flowri  on  the  NASA/AMES  990. 

From  the  time  of  conception  of  test  site  130,  we  have  sought  three 
goals  that  describe  the  relationship  among  NASA,  the  U.S.  Geological 
Survey  (U.S.G.S.),  and  the  University  of  California,  Riverside.  One 
goal  has  been  to  define  the  scientific  and  economic  benefits  of  remote 
sensing  as  a means  of  examining  the  resources  of  a region,  the  second 
goal  was  to  make  recommendations  on  the  scientific  use  of  sensors  in 
future  space  experiments,  and  'he  third  goal  was  to  develop  and  main- 
tain the  proficiency  of  skilled  scientists  who  can  continue  in  the  future 
with  research  which  uses  spacecraft  imagery  and  data  for  geographic  in- 
vestigation. 

Figures  U-1  to  k-9  illustrate  some  of  the  imagery  obtained  over 
the  past  20  months.  The  figures  illustrate  some  of  the  accomplishments 
and  point  out  the  need  for  additional  research. 

From  the  experiments  and  collection  of  imagery  at  the  Southern 
California  Test  Site,  the  following  preliminary  judgments  are  made: 

1.  .Aero  Ektachrome  IR  8H43  is  the  single  most  useful  sensor  pack- 
age for  land  use,  geomorphology,  urban  analysis,  vegetation  mapping, 
agriculture  inventory,  and  ecological  studies  when  used  with  the  proper 
filter  combinations.  The  high  resolution  and  clarity  of  the  resultant 
images  are  superior  to  most  other  film  types.  Although  limited  to  day- 
light and  cloudless  conditions,  the  ability  of  the  8443  film  to  pene- 
trate haze  and  "smog"  is  extremely  useful. 
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2.  Side-looking  airlorne  radar,  multiband  photography,  thermal  IR 
imagery,  telescopic  systems,  and  imaging  passive  microwave  devices  are 
useful  as  secondary  sensors  hut,  for  total  environmental  analysis,  are 
often  redundant  to  color  IR  imagery  and  to  each  other.  All  seem  to  have 
potential  for  specialized  studies  such  as  energy  budget  but  only  when 
closely  tied  to  other  sensor  combinations  and  to  extensive  "on  time" 
ground  observations. 

i 

3.  It  is  necessary  to  pay  much  more  attention  to  ecological  and 
environmental  conditions  before  some  of  the  results  of  present  remote- 
sensing  devices  can  be  understood.  In  case  after  case,,  the  sensors 
produce  data  or  images  that  cause  more  c[uest ions  than  they  produce  an- 
swers. The  argument  for  multidisciplinary,  multisensor  missions  (such 
as  mission  73)  is  justified.  However,  a point  for  simple,  less  com- 
plicated missions  also  needs  to  be  made.  For  example,  under  the  present 
program,  we  were  working  with  camera  filters  and  needed  an  airborne  plat- 
form to  test  the  various  combinations.  A light  aircraft  with  hand-held 
photography  would  have  sufficed  because  we  wanted  to  photograph, process, 
examine,  rephotograph,  process,  and  so  forth,  all  within  a short  time. 
Using  one  of  the  NASA  multisensor  aircraft  w,as  impossible  because  6f 
scheduling  conflicts,  slow  turnaround  on  data  processing,  and  non adapt- 
ability of  camera-filter  systems.  The  flexibility  and  control  needed 
for  such  studies  as  energy  flujc,  interface  conditions,  or  controlled 
environment  are  presently  impossible  with  the  available  program  and 
aircraft.  A more  useful  and  potentially  rewarding  program  might  be  one 
where  less  expensive  but  more  flexible  aircraft  are  contracted  for 
single-sensor  tests.  The  information  obtained  could  then  be  better  fit 
into  an  overall  multidisciplinary  mission  of  maximum  effort  using  what 
lias  been  learned  as  a guide  to  managing  the  multisensor  aircraft. 

Because  of  our  research  in  land-use  mapping,  energy  budget,  urban 
analysis,  and  resource  inventory,  we  are  now  cooperating  with  the  fol- 
lowing agencies. 

1.  San  Diego  County  Planning  Agency 

2 . West  Valley  Planning  Agency 

3.  San  Bernardino  County  Planning  Agency 

4.  Los  Angeles  County  Planning  Agency 

5.  Los  Angeles  County  Health  Department 

6.  Coachella  Valley  Soil  Conservation  District 

T»  U.S.  Wildlife  and  Game  Refuge,  Salton  Sea 
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8.  United  States  Geological  Survey,  Menlo  Park 

9.  United  States  Geological  Survey,  Garden  Grove 

10.  TRW  Systems,  Inc.,  Redondo  Beach 

11.  Southern  California  Area  Government 

12.  California  Committee  on  Open  Space 

13.  Aerojet  General,  Inc. 

14.  North  American  Aviation,  Downey 

15.  Western  Aerial  Survey,  Inc. 

16.  Bureau  of  Land  Management 

17.  Statewide  Air  Pollution  Control  Center,  University  of 
California,  Riverside 

18.  California  Water  Resources  Department 

19.  Department  of  Geology,  University  of  California,  Riverside 

20.  Chevron  Research  Lahs 

21.  TRACOR,  Inc.,  San  Diego 

With  each  of  the  preceding,  we  have  operated  on  a mutual  exchange 
"basis  with  benefit  to  both  parties  involved.  We  have  taken  the  role  of 
advisor  and  demonstrator  in  what  can  and  should  be  done  in  remote  sensing 
that  will  benefit  these  user  agencies.  For  example,  through  our  efforts 
in  remote  sensing  and  the  results  obtained,  we  were  in  a position  to 
recommend  to  both  the  San  Bernardino  and  Los  Angeles  County  Planning 
Agencies  that  they  fly  their  areas  with  color  IR  photography  (at  their 
own  expense)  . We  are  now  aidyi sing  them  on  interpretation  and  analysis, 
and  in  return,  they  can  furnish  us  with  valuable  ideas  on  user  agency  ' 
needs,  benefit-cost,  and  the  ability  of  remote  sensing  to  replace  more 
conventional  and  often  tedious  data  gathering  necessary  to  planners. 
Although  it  is  the  role  of  a university  to  be  both  a research  and  a 
service  agency,  often  the  service  is  Overlooked  in  such  programs  as- we 
are  now  involved.  The  kind  of  cooperative  ventures  just  described  took  ‘ 
place  without  additional  cost  or  sacrifice  to  the  contract  funds  and 
may  very  well  reap  as  many  benefits  in  the  long  run  as  the  defined  re- 
search portion  of  the  Southern  California  Test  Site. 
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FUTURE  NEEDS  AND  OBJECTIVES 


The  accumulation  of  remote-sensing  data,  while  less  than  ideal,  has 
been  adequate  enough  to  evaluate 'a  variety  of  sensors  and  capabilities. 

A matrix  of  evaluations  for  each  sensor  is  presented  in  the  paper  on 
mission  73.  However,  a few  points  can  be  added  here  in  reference  to  the 
MSC  Aircraft  Program  and  the  total  Earth  Resources  Program. 

1.  Aircraft  capability 

a.  The  greatest  need  is  for  higher  altitude  performance  than 
has  been  previously  available.  High-altitude  data  from  photography  need 
further  analysis;  in  fact,  spacecraft  altitude  is  preferred  because  we 
believe  that  the  systems  and  resolution  available  from  photography  can 
yield  a wealth  of  resource  information.  Other  sensors  need  a variety  of 
altitudes  available  for  complete  evaluation. 

b.  Small-aircraft,  single-sensor  capability  is  also  desirable 
(as  described  elsewhere  in  this  paper). 

c.  In  reference  to  present  aircraft,  the  opportunity  to  ac- 
quire overflights  for  a block  of  time  with  repeated  flights  and  with 
the  aircraft  remaining  on  station  until  data  are  processed  is  desirable. 

In  the  case  of  newer  high-speed  long-range  aircraft,  the  possibility  of 
recalling  the  aircraft  for  a repeated  overflight  offers  the  same  merit. 

2 . Sensors 

a.  Photography.  Overall,  the  photographic  missions  have  been 
successful,  and  the  images  have  been  very  useful  for  a variety  of  studies. 
The  greatest  frustration  has  been  the  lack  of  flexibility  in  camera,  film, 
and  filter  systems.  Very  often,  we  have  taken  the  9-  by  9-inch  RC-8  for- 
mat when  a TO-millimeter  system  would  have  sufficed.  The  flying  and  re- 
flying of  the  Itek  nine-lens  system,  even  though  it  was  established 
several  years  ago  that  the  system  had  limited  research  and  operational 
capability,  was  a needless  effort.  Multiband  photography,  while  still 
offering  potential,  is  far  from  a satisfactory  sensor.  Such  items  as 
balanced  film,  specific  spectral  wedges,  and  proper  exposure  guides  for 
varying  altitude  and  landscape  are  not  yet  operational.  It  is  our  be- 
lief that  there  presently  exists  a dichotomy  in  photographic  sensing. 

On  one  side  is  the  highly  sophisticated  mapping  camera  with  high- 
resolution  standardized  film  that  has  proved  Itself  many  times  ovet;  and 
on  the  other  side  is  the  experimental  undeveloped  mult ispectral  photog- 
raphy that  still  needs  considerable  research  and  testing  before  aircraft 
installation.  For  example,  to  take  the  Yost  multiband  and  color  additive 
system  or  any  of  the  filter  wedges  being  developed  by  Slater  woiad  be 
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premature  for  installation  in  the  new  multisensor  aircraft.  These  sys- 
tems, while  potentially  useful,  need  more  testing  on  the  ground  or  in 
light  aircraft  before  committing  them  to  a large  multisensor  platform. 

b.  Infrared  scanners  and  imagers.  A more  desirable  system 
than  presently  available  would  be  thermal  IR  sensors  that  offer  a greater 
range  of  the  spectrum  with  more  optional  band  passes  available.  For  ex- 
ample, we  have  acquired  some  intriguing  but  undeciphered  results  from 
both  3.5y  to  5.5y  scanners  and  8y  to  l4y  scanners.  A very  useful  experi- 
ment involving  dual  scanners,  sensing  at  approximately  4.5y  and  lOy  si- 
multaneously, would  seem  to  offer  regional  data  on  surface  energy, 
atmospheric  interfaces,  radiation  changes,  inversion  layers,  and  so 
forth.  Sensors  such  as  the  Reconofax  IV  are  too  broad  in  bandwidth  to 

be  quantitative  and  are  inflexible  to  inflight  filter  changes  for  varying 
bandwidth . 

c.  Passive  microwave  imager  (PMl).  At  present,  the  resolution 
is  too  poor , but  refinement  and  continued  research  could  develop  the  PMI 
into  a very  useful  secondary  sensor. 

d.  Imaging,  radar.  We  need  imaging  radar  as  soon  as  possible. 
From  past  experience,  the  K-band  side-looking  imager  is  desirable. 

e.  Other  sensors. 

(1)  AAS-5  ultraviolet  — Abandon. 

(2)  Scatterometer  — needs  further  testing  but  must  be 
more  closely  identifiable  with  position  of  aircraft.  A time  tie  to  a 
"bore-sighted  camera"  or  connection  to  such  devices  as  position  naviga- 
tion gear  is  necessary. 

(3)  Microwave  radiometer  — Abandon;  (in  present  form). 

3.  Modifications  in  Earth  Resources  Program  - — ^ The  roles  and  the 
guidelines  of  all  levels  of  participation  are  not  clearly  defined  in 
the  total  program.  Our  experience  in  working  with  WASA  (both  Head- 
quarters and  MSC),  the  U.S.  Geological  Survey,  various  other  university 
and  line  agency  researchers,  and  private  industry  leads  us  to  believe 
there  is  a definite  and  useful  role  to  be  played  by  each. 

The  following  items,  defined  by  groups,  are  recommendations  for 
future  guidelines  and  revisions,  although  they  parallel  present  activ- 
ities. There  is  no  intent  to  interfere  or  to  dictate  to  NASA  or  Govern- 
ment agencies  on  how  they  operate,  but  to  merely  make  a statement  of  how 
we  envision  a more  successful  future  program. 
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The  modifications  in  t,;:  * foregoing  from  the  present  program  (whether 
defined  or  not)  are  the  following. 

1. ;  User  agencies  (U.S.  Geological  Survey,  U . S . Department  of  Agri- 
culture, etc.)  operate  the  test  sites  rather  than  universities.  The 
user  agencies  should  contract  private  industry  to  assist  in  test  opera- 
tion, and  the  university  should  serve  as  advisor  or  become  involved  only 
when  specific  research  demands  it. 

2.  The  role  of  the  aircraft  program,  under  MSC,  is  to  furnish  data. 
The  Manned  Spacecraft  Center  acts  as  a storage  and  processing  center  and 
handles  data  distribution  upon  the  recommendation  of  the  user  agency. 

The  aircraft  program  is  a critical  function  and  should  continue  to  be  so 
for  many  years.  Eventually,  the  role  of  present  research  and  development 
will  phase  into  a role  of  spacecraft  support.  The  aircraft  will  some- 
day function  with  the  spacecraft  in  a manner  similar  to  the  way  in  which 
grouTid-truth  teams  now  function  in  coordination  with  aircraft.  ^ ^ 

3.  Private  industry  should  play  a more  significant  role  than  in  the 

past.  It  is  becoming  more  arid  more  difficult  for  either  the  tmiversities 
or  '’in-the-field"  line-  agency  investigators  to  handle  and  operate  the 
test  sites.  The  increase  in  the  industry  role  is  based  on  three  assump- 
tions: (l)  that  multidisciplinary,  firmly  established  test  sites  be  used 
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(a  necessity  long  overdue,  especially  when  and  if  operation  moves  out- 
side the  United  States);  (2)  that  a test  site  he  provided  with  multiair- 
craft , multisensor  data  for  a specific  period  (hopefully  in  connection 
with  spacecraft  overflights);  and  (3)  that  microscale  test-site  operation 
he  curtailed  or  abandoned.  If  single-sensor,  single -purpose  testing  is 
needed  hy  a particular  researcher,  it  can  he  contracted  from  private  in- 
dustry or  similar  sources. 
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Figure  U-1.-  Indio  Area,  Coachella  Valley;  Aero  Ektachrome 
IR  8UU3  obtained  on  mission  U2,  NASA  aircraft  927, 

March  I968;  scale  1:78  000. 


USE  EXTRAPOLATED  CLASSIFICATION  ERRORS  CORRECTED  LAND 

FROM  COLOR  DISCOVERED  BY  USE  MAP 

LR.  PHOTOGRAPH  'GROUND  SURVEYS' 

Figiire  k-2.-  Land-use  map  of  Indio  trea.  The  original  map  was  constructed  from  imagery  taken  on 
mission  29,  and  the  corrections  were  made  prior  to  mission  h2.  If  the  map  had  been  constructed 
from  mission  h2  imagery  shown  in  figure  H-1,  the  errors  would  have  been  greatly  reduced.  As  of 
October  I968,  we  will  have  completed  a detailed  land-use  map  of  the  entire  Coachella  Valley  at  a 
scale  of  1:62  500.  The  map  has  been  constructed  entirely  from  information  gathered  bn  the 
various  missions,  and  sample  surveys  indicate  that  it  contains  less  than  1 percent  error  in 
classification  and  identification. 


a.  IR  Imagery  of  west  Los  Angeles. 

Figure  ^—3.—  A reduced  image  of  west  Los  Angeles  acquired 
on  mission  ^2.  The  two  maps  were  con^jtructed  entirely 
from  the  imagery.  Ground  checks  indicate  that  they  are 
more  accurate  than  those  compiled  by  the  Los  vVngeles 
County  Planning  Agency  during  the  same  year,  and  both 
were  completed  in  2 weeks  (as  compared  to  several  months 
for  the  Los  Angeles  County  Planning  Agency  maps ) . 


land  use  map  of  west  LOS  ANGELES  AREA 


CENTRAL  LOt  ANGELES  AND  SURNOliNOING  AREAS 
OVERLAY  OF  HIGH  ALTITUDE  COLOR  W PHOTOGRAPHY 
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b.  Maps  constructed  from  IR  imagery. 
Figu.re  4-3.-  Concluded. 
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9-*  A black  and  white  print  made  from  the  same  transparencies  roll  as 
the  copy  in  figure  U-3.  The  arrow  points  to  the  Century  City 
Plaza  photograph.  The  original  roll  is  scale  1:60  000,  imaged 
from  30  000  feet. 

Figure  U-U.-  Views  of  Century  City  Plaza. 
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b.  Century  City  Plaza  as  imaged  by  the  automatic  lock-on  tracking  sys- 
tem from  Uo  000  feet;  scale  1:1500. 

Figure  k-h.-  Concluded. 
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a.  Black  and  white  print  of  Alamo  River  Delta  area  taken  on  mission  22 
(test  site  27),  scale  1:20  000  on  original;  outlines  are  index 
frames  of  images  taken  by  the  automatic  lock-on  tracking  system. 

Figure  U-5.-  Imagery  from  mission  22,  test  site  27. 
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b.  Automatic  lock-on  tracking  system  TO-millimeter  frame  of  the  area 
shown  in  the  upper  outline  in  figure  ^-5a.  This  print  is  a copy 
made  from  the  original.  Anscochrome  transparency.  Figures  4-5a 
and  U-5b  demonstrate  a level  of  resolutions  obtainable  from  vary- 
ing altitudes  and  scales.  The  major  point  is  that  images  of  the 
scale  of  figure  U-5a  can  be  obtained  at  spacecraft  altitudes  if 
systems  such  as  are  in  figure  U-5b  are  used. 


Figure  U-5.-  Concluded. 
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Photographed  from  Gemini  V.  Note  the  road,  rail 
road,  and  vegetation  pattern  on  the  east  (far) 
shore  at  the  "base  of  the  Chocolate  Mountains. 
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b.  Aero  Ektachrome  IR  8UU3  taken  on  35~nmi 
film  with  15  plus  8OB  filter  during 
mission  73.  The  IR  reflectance 
through  15  000  feet  of  atmosphere  is 
enhanced  by  this  filter  combination. 
■The  riverine  vegetation  is  a surrogate 
of  the  seepage  from  the  unlined  All- 
American  Canal  and  a valuable  indica- 
tor of  the  water  loss  resulting  from 
poor  construction  and  management  of 
the  distribution  system. 


Figure  U-6.-  Concluded. 


a.  Reconofax  IV  8p  to  lUy  image  of  the  same  area  as  shown  in  figures  U-6b  and  U-7h  taken  at 
23:00  hours  on  mission  73.  Note  that  the  data  (arrow)  are  more  informative  for  resource 
analysis  than  figure  i+-7b  but  inferior  to  figure  i|-6b.  The  broadband  width  and  the  no- 
ticeable change  due  to  AGO  (automatic  gain  control)  as'  the  sensor  crossed  the  shoreline 
have  resulted  in  a less  satisfactory  image  than  figure  U— 6b.  However,  the  point  must  be 
made  that  both  figures  U-7a  and  U-7b  are  nighttime  images  and  are  useful  for  certain  other 
types  of  analysis. 


Figure  U-7.-  Imagery  from  missions  73  md  102. 


b.  Ari/APQ-9T  side-looking  airborne  radar  of  the  east 
mission  102).  Compare  the  information  obtainable 
that  the  railroad  and  riverine  vegetation  (arrow) 
or  distinguished  as  in  color  IR. 


shore  of  the  Salton  Sea  (Westinghouse 
from  that  shown  in  figure  i|-6b.  Note 
show  but  cannot  be  clearly  identified 
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Figure  U-7.-  Concluded 


a.  A normal  color  view  across  the  eastern  end  of  the  Los  .^cigeles  Basin 
on  a moderately  clear  day.  The  San  Gabriel  Mountains  are  approxi- 
mately 25  miles  distant.  The  coastal  sage  vegetation  cover  in  the 
foreground  in  this  fall  season  is  at  a minimal  level  of  vegetative 
growth. 


b.  The  effect  when  only  minus-blue  (Wratten  15)  filtration  is  used. 

The  orange  groves  in  middistance  are  a deep  red.  Only  a slight  hint 
of  color  on  the  distant  mountain  slopes  marks  conifer  forest.  Nearby 
off-season  vegetation  shows  no  IR  reflection.  Like  all  the  views  on 
this  plate,  this  picture  was  taken  within  minutes  of  the  others. 

Figure  U-8.-  The  effects  of  various  additive  enhancement  filters  on 
type  8UU3  film,  the  results  of  a filter  experiment  conducted  at  the 
test  site  and  reported  in  Remote  Sensing  of  the  Environment;  An 
Interdisciplinary  Journal.  (A  final  and  successful  test  of  this  ex- 
periment was  conducted  with  70-mm  Hasselblads  aboard  NASA  aircraft  926 
during  mission  73.)  Time:  1:30  p.m.  in  early  October  I967. 
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c.  The  effect  when  a CC30B  additive  enhancing  filter  is  used.  Mild 

IR  reflection  shows  on  the  distant  mountains.  The  orange  groves  are 
brighter,  more  red  — a characteristic  of  this  enhancement.  A little 
red  shows  in  the  nearby  vegetation.  The  yellow  cast  is  typical  of 
blue  color-compensation  filters. 


d.  The  effect  when  an  80B  is  used  as  the  additive  filter.  The  conifer 
forests  on  the  distant  mountains  aro  now  yielding  a strong  IR  record. 

The  color  reproduction  fails  to  she./  how  intense  the  red  of  the 
orange  groves  has  become,  and  considerable  IR  record  occurs  from 
the  nearby  off-season  vegetation.  Note  that  rocks  and  soil  have 
become  neutral  in  tone. 

i! 

i 


Figure  4-8.-  Concluded. 
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a.  In  this  view  of  the  Canadian  River  of  Oklahoma, 
taken  with  color  IR  film  from  an  altitude  of 
UO  000  feet,  the  false  color  blushes  of  newly- 
sprouted  winter  wheat  give  a strong  IR  record. 
The  distant  bend  in  the  river  flood  plain  is 
approximately  50  miles  away,  yet  the  red 
reflection  penetrates  through  this  great  thick- 
ness of  atmosphere.  This  pictiu*e  was  taken 
from  an  airliner  window  with  a camera, 

using  a CC30B  filter  in  addition  to  the  basic 
minus-blue  Wratten  12  filter  recommended  for 
the  film.  Time;  3:^5  p.m.  in  mid-October  1967 . 

Figure  U-9.-  Color  IR  imagery  of  Canadian  River  of 
Oklahoma  and  Pomona-Claremon’C  area  of  Southern 
California. 
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b.  Pomona-Claremont  area  of  Southern  California  taken  on 
35-nmi  color  IR  film  at  IT  000  feet  witn  additive  80B 
filter  through  airliner  window  in  late  December. 

Ozone  "smog”  count  was  l8  ppm,  and  a distinct  inver- 
sion line  is  detected  about  midway  up  the  slopes  of 
the  San  Gabriel  Mountains.  Single- family  suburban 
housing  patterns  can  be  distinguished,  as  well  as 
vacant  land , orange  groves , vineyards , and  grazing 
land.  Distinct  color  differences  of  the  various 
arteries  differentiate  freeways  from  streets  and/or 
empty  flood  canals.  Ribbon  commercial  developments, 
industrial  sites,  shopping  centers,  and  recreation 
areas  also  have  individual  responses.  There  is  a 
color  change  between  the  higher  conifers  and  the 
upper  boundary  of  chaparral.  "Smog,"  which  tends 
to  be  yellow  in  color,  is  best  penetrated  by  this 

• filter  combination.  A matching  Kodachrome-X  with 

; a Tiffen  Haze  1 filter  revealed  little  more  than 

\ the  top  of  tne  inversion  with  the  mountain  peaks 

* showing  through. 

r Figure  4-9.-  Concluded. 
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LAND  USE  AND  REGIONAL  ANALYSIS 

By  Robert  W.  Replies 
East  Tennessee  State  University 

EAST  TENNESSEE  STATE  UNIVERSITY 


As  a result  of  the  Houston  Conference  on  the  "Use  of  Spacecraft  in 
Geographic  Research,"  the  Geography  Department  at  East  Tennessee  State 
University  (ETSU)  decided  to  become  involved  in  the  remote- sensing  pro- 
gram in  1965*  With  a grant  from,  the  Office  of  Naval  Research  (contract 
mmiber  N00014-6T-A-0102-0001) , attention  was  focused  on  the  Asheville 
Basin  in  western  North  Carolina  (NASA  site  46)  and  particularly  on  a 
flight  line  across  the  general  "grain"  of  different  geographical  fea- 
tures which  are  typical  of  the  Southern  Appalachians  (fig.  5-1 )• 

The  test  site  occupies  the  drainage  basin  of  the  Upper  French 
Broad  River  within  the  Asheville  Basin  of  western  North  Carolina,  a 
part  of  the  Blue  Ridge  physiographic : province.  The  area  encompassed 
in  the  Upper  French  Broad  River  Basin  includes  four  counties  of  western 
North  Carolina:  Buncombe,  Henderson,  Madison,  and  Transylvania.  The 

land  area  of  the  basin  is  approximately  l6s8  square  miles.  With  an 
orientation  of  N 35°  W and  a length  of  approxim.ately  50  miles,  the 
flight  corridor  extends  across  the  Upper  French  Broad  Basin  from  the 
drainage  divide  east  of  Hendersonville  in  the  southeast  to  a point  on 
the  French  Broad  River  northwest  of  Hot  Springs.  The  type  of  terrain 
traversed  is  variable.  It  consists  of  both  steep  mountains  and  hill 
lands  and  gently  undulating  relief  forms  interspersed  with  floodplains. 

Initially , the  research  theme  for  studies  in  remote  sensing  in  the 
basin  was  to  do  regional  analysis.  This  approach,  while  it  provided  a 
great  amount  of  research  latitude,  was  too  broad  and  too  inclusive. 

Two  problems  prevented  achieving  the  original  goal  which  was  to  be  ac- 
complished: (i)  a logistical  problem  (trained  manpower,  equipment , and 

finances)  and  (2)  the  fact  that  remote  sensing  is  not  the  panacea  for 
discovering  all  of  the  answers  about  a region.  \ In  the  second  phase  of 
the  ETSU  program,  the  general  regionar  analysis  task  was  approached 
from  specific  problem-oriented  viewpoil|ts,  especially  in  terms  of  the 
individual  investigators’  research  interests . In  general,  these  in- 
terests could  be  classified  in  two  categories:  (l)  interests  which 
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resulted  from  looking  at  sensor  records  and  seeing  "things"  which  sig- 
nify significant  geographical  relationships,  and  (2)  looking  at  sensor 
records  for  specific  "things"  which  were  known  to  exist. 

Between  Novemher  I965  and  the  present,  five  overflights  were  made 
of  the  Asheville  Basin  test  site  with  the  use  of  the  NASA  Convair  240 
and  P3A,  and  two  flights  with  the  use  of  the  Westinghouse  radar  air- 
craft (appendix  A).  The  first  three  overflights  (November  I965, 

May  1966,  and  October  I966)  were  at  low  and  medium  altitudes  (approxi- 
mately 2000  and  12  000  feet  above  mean  terrain  elevations),  and  the 
last  two  flights  were  at  high  altitudes  (approximately  20  000  feet). 
During  the  first  overflight,  more  than  100  people  from  ETSU  and 
Tennessee  Valley  Authority  (TVA)  formed  the  ground-truth  team.  Large 
q^uantities  oi  ground  data  were  collected,  including  among  other  things 
black  and  white  and  color  photography,  soil  and  soil  moisture  samples, 
air  temperature  and  humidity  readings,  and  radiometric  readings  (appen- 
dix B).^  The  TVA  provided  hydrologic  data  and  established  specific 
vegetative  monitoring  sites.  In  cooperation  with  the  forest  service, 

TVA  lit  a small  forest  fire  for  us,  which  was  not  recorded  because  the 
aircraft  was  slightly  off  the  flight  path.  During  subsequent  flights, 
smaller  field  groups  were  sent  out,  and  specific  ground  data  were  col- 
lected, particularly  in  relation  to  the  problems  on  which  the  different 
investigators  were  working. 

Although  the  research  themes  of  ETSU  investigators  focused  on  dif- 
ferent areal  and  spatial  subjects,  the  different  projects  are  related  to 
land  use  and  regional  analysis  in  varying  degrees.  Among  the  various 
findings  that  we  discovered  through  these  investigations,  the  more  sig- 
nificant with  respect  to  land  use  are  described  in  the  sections  immedi- 
ately following. 


Comparison  of  Color  Infrared,  Color,  and  Panchromatic  Films 
for  Interpreting  Rural  Land  Use  Characteristics 

In  this  experiment,  color  infrared  photographs  were  compared  with 
color  (Ektachrome)  and  panchromatic  photos  to  determine  the  relative 
ease,  speed,  and  certainty  with  which  features  associated  with  rural 

land  use  could  be  identified  and  studied.^  Specific  features  associated 
with  land  use  in  the  Asheville  Basin  (e.g. , terrain,  drainage,  vegeta- 
tion, farmstead  characteristics,  farm  layout,  field  movement  patterns , 


Samol,  David:  Rural  Land  Use  Analysis  Via  Ektachrome  Infrared 

Photo  Interpretation.  (Unpublished  master’s  thesis.  Department  of 
Geography,  ETSU,  I968;  contract  number  N0001U-67-A-0102-0001.) 
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crops  and  crop  emphasis,  and  farming  techniques)  were  identified  on  all 
three  types  of  photographs,  and  the  differences  in  signatures  were  noted. 
The  accuracy  with  which  features  were  identified  through  photo  inter- 
pretation techniques  was  established  by  field  checking.  In  addition, 
an  attempt  was  made  to  delimit  agricultural  regions  directly  from  the 
photography. 

A general  conclusion  of  this  study,  on  the  basis  of  all  available 
evidence,  is  that  color  infrared  photographs  appear  to  be  superior  to 
Ektachrome  and  panchromatic  photos  for  interpretation  of  rural  land-use 
features,  and  that  the  most  prominent  advantage  offered  by  infrared 
film  for  use  in  land-use  studies  is  the  unique  representation  of  vege- 
tation. The  film  provides  substantial  variation  in  image  colors  rep- 
resenting vegetation,  thereby  allowing  the  interpreter  to  distinguish 
between  types  of  vegetation  in  terms  of  physiology,  maturity,  and 
health.  It  is  the  investigator’s  opinion  that  color  infrared  film  can 
be  mors  effective  than  either  color  or  panchromatic  films  in  the  study 
of  distribution  of  crops  and  crop  systems,  agricultural  emphasis  and 
degree  of  specialization,  farm  and  farmstead  morphology,  variations  in 
agricultural  activity,  and  distribution  of  land  management  practices. 

This  conclusion  can  be  positively  stated  for  the  Asheville  Basin  and 
for  areas  with  similar  environmental  traits. 


Integrated  Landscape  Analysis  Via  Radar  Imagery 

The  general  hypothesis  of  this  experim.ent  was  that  radar  provides 
a means  for  delimiting  varying  associations  of  physical  and  cultural 
phenomena  through  outlining  variations  in  tone,  texture,  pattern,  and 

shape. ^ 

Patterns  which  were  delimited  on  radar  image  were  visually  corre- 
lated to  data  collected  via  air  photos ^ from  the  findings  of  other  in- 
vestigators, and  from  field  investigations.  It  is  a:dmitted  that 
statistically  valid  sampling  techniques  and  quantitative  analysis  are; 
more  meaningful  and  will  be  used  eventually.  These  techniques,  how- 
ever, were  beyond  out'  capabilities,  especially  in  terms  of  equipment 
and  finances  (although  some  small  attempts  were  ma;de  in  this  direction). 
Nevertheless,  it  can  be  shown  that  enough  information  can  be  interpreted 
from  the  radar  images  basically  to  characterize  a number  of  relatively 
distinct  regions  in  the  Asheville  Basin  (fig.  5-2) . The  very  thing , rr- 


Nunnally,  Nelson:  Integrated  Landscape  Analysis  with  Radar  Im- 
agery. (Unpublished  manuscript , ETSU,  1968;  contract  number  NOOOl^- 
6T-A-0102-0001. ) 
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however,  which  permits  the  rapid  identification  of  integrated  land- 
scapes, namely  the  small  scale  and  limited  resolution,  prohibits  in- 
terpretation of  detailed  regional  variations. 

The  interactions  of  K-band  radar  with  different  physical  and  cul- 
tural phenomena,  including  among  other  things,  fields,  vegetation, 
roads,  water  bodies,  and  terrain  features,  make  it  possible  to  differ- 
entiate areas  which  exhibit  a more  or  less  homogeneous  pattern  through- 
out and  which  are  distinctly  different  in  appearance  from  other  areas. 
From,  the  radar  image  of  the  Asheville  Basin,  11  distinct  areal  patterns 
were  delimited,  and  some  of  these  could  be  subdivided  on  the  basis  of 
variations  within  the  main  patterns. 

In  conclusion,  the  radar  regions  delimited  in  this  study  do  appear 
to  correlate  with  distinctive  integrated  landscape  types.  However, 
there  is  reason  to  suspect  that  rapid,  reliable  regional  delimitation 
of  a similar  type  can  also  be  carried  out  by  the  use  of  small-scale 
and  hyper altitude  photography. 


Radar  Study  of  Linear  Features 

There  are  obvious  numbers  of  linear  features  contained  in  the 
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radar  images  of  the  Asheville  area.  The  ability  to  map  such  features 
aids  in  locating  relatively  high-yield  water  well  sources  in  the  crys- 
talline rocks  of  the  southern  Appalachian  region.  At  the  present  time, 
many  low— ordered  central  places  in  the  Appalachians  are  associated  with 
these  sources,  and  knowledge  of  where  sources  of  adequate  flows  of  water 
exist  has  stimulated  industrial,  residential,  and  certain  types  of  ag- 
ricultural land-use  activities. 

The  linear  features  were  mapped  from  radar  images,  and  their  orien- 
tations were  compared  with  the  orientations  of  Joints  and  shear  zones 
that  were  previously  located  and  measured  by  field  workers.  Stereo- 
grams which  have  been  produced  of  the  orientations  show  remarkable  par- 
allelism between  the  two  sets  of  features  (fig.  5-3).  It  has  been 
concluded  that  bedrock  fractures  in  the  Asheville  test  site  produce 
linear  features  at  the  topographic  surfa,ce  which  are  emphasized  on  the 
radar  image  owing  to  the  low  angle  of  lock. 


3 - : ; . ^ ■ 

Williams,  Lyman  0.:  Radar:  An  Aid  to  Geologic  Mapping  of  Crys- 

talline Rocks  at  Test  Site  46,  North  Carolina.  (Unpublished  manuscript, 
ETSU,  1968;  to  be  published  as  a NASA  technical  report,  contract  num- 
ber N00014-6T-A-0102-0001. ) 
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Trade-Area  Analysis 

The  major  thesis  of  trade-area  analysis  was  to  investigate  the  po- 
tential use  of  remote-sensor  imagery  for  determining  trade  areas  and 

. . . 

traffic  flow.  Dominant  directions  of . traffic  flows  can  be  determined 
from  observations  of  black  and  white  panchromatic,  color,  and  color  in- 
frared film.  Color  infrared  film,  however,  is  superior  for  interpreta- 
tive purposes  (fig.  Markings  (generally  blue  on  infrared  color) 

appear  to  indicate  the  major  directions  of  turning  movements  at  inter- 
sections and  the  more  heavily  traveled  routes.  The  exact  cause  of  these 
markings  is  not  known,  but  they  appear  to  be  a result  of  oil  droppings, 
rubber  left  by  vehicles,  or  moisture  in  the  ruts  of  roads.  Changes  in 
the  dominant  direction  have  suggested  that  such  patterns  could  be  used 
as  criteria  to  supplement  the  delineation  of  trade-area  boundaries. 

Where  possible,  traffic  flow  direction  at  road  intersections  and 
driveway  connections  were  interpreted  from  medium-  and  low-altitude 
false  color  imagery.  The  traffic  flow  directions  were  plotted  on  stand- 
ard series  topographic  maps,  1:2k  000  (fig.  5-5).  Flow  in  two  opposite 
directions  in  the  same  area  was  interpreted  to  mean  a transition  zone 
between  two  trade  areas.  These  data  were  then  field  checked  and  com- 
pared to  theoretically  derived  trade  regions.  In  general,  the  inter- 
preted trade  region  closely  approximated  the  actual  trade  patterns  in 
the  Asheville  Basin. 

The  investigator  has  concluded  that  direction  of  traffic  flows  can 
be  more  guickly  determined  from  certain  types  of  remote-sensor  imagery 
relative  to  the  time  required  by  field  work;  and,  to  a certain  degree, 
trade  areas  and  trading  habit^  can  be  ascertained  from  the  patterns 
that  traffic  flow  exhibits  in  a region.  However,  any  study  of  this 
type  (especially  of  trading  habits)  demands  some  ’’ground”  knowledge  of 
the  economic,  cultural,  and  physical  traits  of  the  area. 


Farm  Pond  and  Lake  Study 

Within  the  study  area  of  the  Asheville  Basin,  there  are  some  33 
farm  ponds  and  lakes.  After  a cursory  inspection  of  the  initial  im- 
ageiy  that  had  been  flown  over  the  basin,  it  was  observed  that  the 
ponds  showed  up  in  different  colors  on  color  and  color  infrared  emulsions 
and  with  different  gray  tone  values  on  panchromatic  films.  The  factors 
responsible  for  these  differences  were  hypothesized.  It  is  the  opinion 


Honea,  Robert:  Trade  Areas  and  Traffic  Flows  Via  Remote  Sensor 

Imagery.  (Unpublished  manuscript,  ETSU,  1968;  contract  number  WOOOlif- 
67-0102-0001.) 
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of  the  investigator  that  certain  physical  variables  of  the  environment, 
such  as  water  depth,  sediment  sizes  and  concentration,  organic  content, 
water  mass  surface  area,  and  water  temperature,  interact  to  determine 
the  color  of  water  bodies  on  color  and  color  infrared  films  and  the  gray 
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tone  on  panchromatic  films.  In  addition,  it  was  our  opinion  that  the 
color  characteristics  of  the  films  (as  well  as  the  gray  tones)  have  some 
relationship  to  the  overall  land  use  and  to  land-management  characteris- 
tics of  the  farm  pond  and  lake  drainage  areas. 

During  subsequent  flights,  water  samples  and  water  data  were  col- 
lected from  all  of  the  ponds  in  the  Asheville  area,  and  each  variable 
mentioned  previously  was  measured.  Pearson’s  coefficient  of  correla- 
tion and  mioltiple  regression  analysis  techniques  were  applied  to  the 
data.  The  results  indicate  that  two  factors  are  the  most  important 
variables  in  contributing  to  water  body  colors  on  color  and  color  in- 
frared emulsions  — water  depth  and  sediment  concentrations.  In  addi- 
tion, it  is  our  opinion  that  certain  quantities  of  organic  materials 
(particularly  algae)  contribute  to  the  color  differences.  These  dif- 
ferences, however,  are  not  noticed  until  certain  threshold  levels  of 
coverage  over  the  surface  of  a pond  are  reached.  Laboratory  experiments 
to  discover  these  threshold  levels  have  not  been  successful. 

It  is  the  principal  investigato].”  ’ s opinion  of  this  particular  ex- 
periment that  if  we  can  control  some  of  the  parameters  that  affect  the 
variations  of  colors  on  color  and  color  infrared  films  for  farm  ponds, 
particularly  depth  of  water,  we  can  then  get  a ’’handle"  on  such  things 
as  the  erosional  characteristics,  land-use  intensity  practices,  and 
land-management  practices  in  small  (and  perhaps  large)  drainage  basins. 


Slope  Failure  Forms  Detectable  Via  Remote  Sensing 

Another  study  (actually  three  parts)  with  a similar  product  in  mind 
is  being  conducted  with  respect  to  slope  failure.  Slope  failure  forms 


^Williams,  Lyman  0.:  Preliminary  Study  of  Colors  on  Selected  Remote 

Sensor  Photographs  of  Water  Bodies  in  the  Asheville,  North  Carolina  Test 
Site.  (Unpublished  manuscript,  ETSU,  1968;  contract  number  NOOOIU-6T- 
0102-0001. ) 
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Poole,  Donald  H. : The  Development  of  Criteria  for  Recognizing  and 

Identifying  Slope  Failure  Forms  as  Depicted  by  Remote  Sensor  Returns. 

The  Regionalization  of  Slope  Failure  Forms  in  the  Area  of  Overflight  as 
Depicted  by  Remote  Sensor  Returns.;  An  Evaluation  of  the  Utility  of 
Available  Remote  Sensor  Returns  for  a Study  of  Slope  Failure  Phenomena. 
(Unpublished  manuscript,  ETSU,  I968;  contract  number  ROOGIU-6T-OI 02-0001. ) 
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are  a part  of  landscape,  and  many  of  these  forms  result  directly  or  in- 
directly from  land-use  practices. 

In  the  Asheville  Basin,  slope  features  were  identified  with  a high 
degree  of  accuracy  on  large-scale  infrared  and  color  photographs.  These 
features  include  sheet  wash,  rills,  gullies,  soil  creep,  earth  flows, 
and  slumps.  Mapping  the  locations  and  distribution  of  these  forms  can 
be  readily  accomplished  at  costs  far  below  those  of  ground  surveys  of 
comparable  detail.  In  addition,  photo  location  is  a more  accurate  and 
thoro-ugh  method  of  mapping  forms,  particularly  when  many  features  are 
obscured  to  the  ground  observer  by  vegetation,  or  when  the  areas  of 
study  are  difficult  to  traverse  with  ground  transportation. 

The  most  desirable  scales  for  this  type  of  interpretation  range 
from  1:8000  to  1:15  000.  Smaller  scales  obscure  some  forms  to  the  ex- 
tent that  an  interpreter  may  fail  to  recognize  the  form  or  to  err  in 
classification  of  what  one  has  observed.  Slump  and  earth-flow  phenom- 
ena are  particula(rly  difficult  to  identify  on  small-scale  photographs. 
Scales  larger  than  1:8000,  while  desirable  for  ease  in  interpretation, 
may  not  show  desired  areal  associations. 

Knowledge  of  the  types  of  slope  forms  contained  in  an  area  and  the 
ability  to  predict  slope  form  failures  contribute  to  understanding  cer- 
tain aspects  of  land  use  particularly  because  slope  failures  tend  to 
limit  the  use  of  land,  especially  agriculture  and  transportation  (routes 
of  communication). 


Remote-Sensor  Applications  to  Urban  and  Regional 
Transportational  and  Land-Use  Planning 

Two  research  programs  were  carried  out  by  graduate  students  from 
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the  University  of  Tennessee  in  the  areas  of  urban  and  regional  studies. 
Their  task  largely  focused  on  the  feasibility  of  utilizing  remote-sensing 
data  for  transportation  and  land-use  planning  purposes.  In  addition j 
they  described  the  cost  benefits  that  can  be  derived  from  remote- sensing 
techniq^ues  in  contrast  to  conventional  methods  for  the  same  purposes. 


7 , , , 

Hannah,  John:  A Feasibility  Study  for  the  Application  of  Remote 

Sensors  to  Selected  Urban  and  Regional  Land  Use  Planning  Studies.  (Un- 
published master  ' s thesis , Graduate  School  of  Planning,  University  of 
Tennessee,  19^7;  contract  number  N0001U-67-A-0102-0001, ) 

Pate,  Maynard:  A Feasibility  Study  of  Remote  Sensor  Application  to  Ur- 

ban and  Regional  Transportation  Planning.  (Unpublished  master’s  thesis. 
Graduate  School  of  Planning,  University  of  Tennessee,  1967 ; contract 
number  N0001W67-A-0102-0001. ) 


In  general,  the  conclusions  were  that  remote  sensors  are  apparently  ca- 
pable of  collecting  planning  data  with  greater  ease,  more  rapidly  and 
reliably,  and  with  less  cost  and  manpower  requirements  than  by  conven- 
tional methods. 

To  provide  a base  of  study,  the  researcher  who  investigated  the 
benefits  of  remote  sensing  for  transport at ional  planning  purposes  made 
several  assumptions  and  structured  a hypothetical  situation.  It 

was  assumed  that  type  and  extent  of  data  acquired  by  remote  sensing  did 
not  differ  radically  from  data  needed  in  transportation  planning. 

(2)  The  second  assumption  was  that  both  approaches  must  seek  the  same 
end  result . To  UIGC  t this  requirement,  attention  was  centered  on  the 
Origin  and  Destination  Survey  since  it  is  probably  the  most  important 
survey  in  transportation  data  collection.  (3)  Finally,  it  was  assumed 
that  a comparable  base  could  exist  only  if  the  two  approaches  utilized 
the  same  study  area.  For  this  purpose,  use  was  made  of  a hypothetical 
city  and  region,  a population  of  75  000  and  a total  area  of  50  square 
miles  (the  approximate  size  of  Asheville).  The  investigator  proceeded 
to  investigate  cost  benefits  of  remote- sensing  and  conventional  tech- 
niques in  terms  of  planning  the  sui^vey,  survey  initiation,  data  col- 
lection, and  data  handling.  In  each  of  these  cases,  the  benefits 
favored  remote  sensing. 

In  the  case  of  the  investigation  of  application  of  remote  sensors 
to  urban  land-use  planning  (specifically  the  development  of  land-use 
maps,  surveys,  and  analysis),  the  study  was  predicated  on  three  basic 
questions.  (l)  Can  various  land  uses  be  identified  as  well  from  remote- 
sensor imagery  as  from  a field  survey*  (2)  can  accurate  measurements  of 
land  use  be  made  from  remote-sensor  imagery;  and  (3)  would  the  time, 
cost,  and  accuracy  of  accomplishing  studies  compare  favorably  with  con- 
ventional means?  The  means  of  testing  these  hypotheses  were  accomplished 
by  comparing  the  results  of  imagery  analysis  of  Asheville  with  the  re- 
sults of  a survey  analysis  carried  out  by  a consultant  firm  for  the  same 
area  at  approximately  the  same  time  that  the  imagery  was  made,  and  by 
comparing  field  data  against  the  results  obtained  from  the  interpreta- 
tion of  remotely  sensed  data. 

Of  1713  land  uses  identified  via  remote-sensing  techniques,  only 
26  were  misinterpreted  (for  an  area  of  1000  acres).  A comparison  of 
measurements  revealed  that  the  consultant  firm  had  made  some  gross  errors 
in  calculations . It  was  estimated  that  total  cost  for  having  imagery 
flown  (particularly  color  and  color  infrared)  and  processed  and  base 
maps  produced  would  be  approximately  $55  000  for  a city  the  size  of 
Asheville.  The  same  results  were  achieved  through  conventional  field 
techniques  for  a cost  of  $70  000. 
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Major  Problems 

The  major  problems  encountered  at  ETSU  were  the  following.  (l)  The 
data  received  determined  the  type  of  resea-rch  that  was  carried  out,  rather 
than  the  reverse.  (2)  Only  four  types  of  remote-sensing  returns  were 
investigated  — black  and  white,  color,  and  color  infrared  photography 
and  radar.  Three  rolls  of  thermal  infrared  imagery  were  received  before 
the  beginning  of  the  summer;  however,  most  of  the  investigators  were  off 
campus.  (3)  The  third  and  final  problem  involves  having  more  trained 
manpower  and  financial  resources  to  buy  equipment  and  to  pay  for  the 
printing  and  processing  of  reports  (in  addition  to  those  which  were  men- 
tioned, 20  other  investigations  have  been  carried  out,  11  of  which  are 
somewhere  in  the  publishing  phase). 


EAST  TENNESSEE  STATE  UNIVERSITY/UNIVERSITY  OF  TENNESSEE 
CONSORTIUM  FOR  REMOTE-SENSING  STUDIES 


As  a result,  in  part,  of  the  fact  that  the  two  graduate  students 
in  urban  planning  from  the  University  of  Tennessee  worked  on  their  re- 
search programs  with  ETSU  materials,  a research  consortium  for  remote- 
sensing studies  was  developed  between  the  two  institutions.  Both 
institutions  are  pooling  equipment  and  exchanging  ideas  for  an  expanded 
program.  The  University  of  Tennessee  has  acquired  an  old  DC-3  which  is 
being  modified  with  two  camera  wells.  The  consortium  also  has  a four- 
camera  Hasselblad  systerfi,  and  an  infrared  scanning  system  will  be  ac- 
quired in  the  next  few  months.  In  addition,  interpretation  laboratories 
have  been  set  up  on  both  campuses. 

The  consortium  has  received  a large  grant  from  the  Department  of 
Defense  (Project  Themis),  and  flights  have  already  been  made  in  several 
areas  of  the  eastern  part  of  the  TVA  region  (TVA  is  cooperating  in  this 
pro j ect ) . 


ASSOCIATION  OF  AMERICAN  GEOGRAPHERS  COMMISSION 
ON  GEOGRAPHIC  APPLICATIONS  OF  REMOTE  SENSING 


The  Commission  on  Geographic  Applications  of  Remote  Sensing  was 
formed  during  the  summer  of; I967  under!  a grant  from  the  Geographic  1 Ap- ! 
plications  Program,  United  States  Geological  Survey,  contract  number  l4- 
O8-OOOI-IO92I.  Under  the  first  grant,  the  Commission  was  charged  with 
three  tasks  which  could  be  classified  as  administrative,  research,  and 
preparation  for  educatiorial  programs  (National  Science  Foundation  (NSF)) 
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Institutes  in  Remote  Sensing  — University  of  Michigan,  I968,  and  Uni- 
versity of  Tennessee,  I969).  Of  particular  note  here  is  that  the  re- 
search program  is  to  lead  to  the  development  of  a land-use  classification 
system  and  a land-use  map  of  the  United  States  that  is  amenable  to  space- 
craft imagery. 


Land-Use  Classification  System  and  Mapping 

Eighteen  consu3.tants  (from  six  areas  of  the  U.S.)  were  elected  by 
the  Commission  to  recommend  and  advise  the  Commission  on  the  procedures 
that  should  be  followed  with  respect  to  land-use  mapping  and  classifi- 
cation problems  that  are  expected  to  be  encountered  in  each  of  the 
areas.  A general  conclusion  reached  by  the  consultants  was  that  an  at- 
tempt should  be  made  to  map  the  land-use  traits  of  the  U.S.  at  a scale 
of  I225O  000  because  of  the  level  of  generalization  which  can  be  obtained 
from  expected  spacecraft  imagery  and  photography  and  because  of  the  con- 
venience of  being  able  to  utilize  these  land-use  maps  with  Army  Map  Ser- 
vice series  maps  of  the  same  scale.  A pilot  project  is  being  worked  on 
by  Norm  Thrower  of  the  Geography  Department,  UCM,  who  is  presently  de- 
veloping  a land-use  map  and  classification  system  for  selected  areas  in 
the  southwestern  part  of  the  United  States  from  Gemini  and  Apollo  im- 
agery. The  classification  system  that  is  being  developed  should  be 
flexible  enough  for  use  in  other  sections  of  the  country.  To  date. 
Thrower's  group  has  extracted  as  much  land-use  information  and  locational 
data  as  possible  from  Gemini  imagery,  including  natural  features  (e.g. , 
playas,  sand  dunes,  mountains,  alluvial  fans,  and  vegetation  zonation 
patterns)  and  cultural  featiures  (e.g.,  agricultural  fields,  survey  lines, 
grazing  zones,  urban  and  central  places,  and  mining  activities).  These 
data  are  being  placed  on  1:250  000  maps,  and  plans  are  to  field  check 
the  data  during  December  I968. 


Tennessee  Valley  Authority : Test  Region  Experiment 

Another  phase  of  the  commission's  activities  is  being  directed 
toward  establishing  a large  area  for  future  spacecraft  overflights. 
Particularly,  the  geographical  experiments  are  to  be  of  problem-oriented 
types  rather  than  of  inventory  and  classification  types.  Initially, 
the  commission  recommended  that  attention  be  concentrated  on  the 
Tennessee  Valley  region  and  adjacent  areas.  In  part,  this  area  was  se-  : 
lected  because  of  (l)  the  on-going  program  in  the  Asheville  area  by  1 
ETSU;  (2)  the  proposed  programs  of  the  ETSU-University  of  Tennessee  Con-; 
sortium  on  Remote  Sensing  Studies;  (3)  the  availability  of  large  quan- 
tities of  ground-controlled  data  from  the  TVA  as  well  as  complete  index 
coverage  of  maps  and  air  photos  for  the  region;  and  (4)  NASA  has  already 
designated  this  region  as  an  area  of  first  priority  for  future  space- 
craft overflights.  Plans  are  to  utilize  the  coming  year  to  organize 
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channels  of  communications  between  geogrviphers  and  appropriate  state 
and  federal  organizations  that  wish  to  participate  in  the  experiment 
and  to  formulate  specific  plans  for  studies  for  the  experiment  among 
various  geographers  from  different  institutions. 


National  Science  Foundation  Institute  in  Remote  Sensing 

Realizing  that  one  of  the  main  deficiencies  of  the  remote- sensing 
program  in  geography  is  the  absence  of  trained  personnel,  the  com- 
mission recommended  at  one  of  its  early  meetings  that  a summer  insti- 
tute be  arranged  for  the  purpose  of  training  college  geography  teacher's 
in  the  techniques  of  remote  sensing.  Capitalizing  on  the  experience 
which  was  gained  by  the  University  of  Michigan  in  conducting  institutes 
of  this  type  during  1966  and  19^7 » the  commission  submitted  a proposal 
for  an  NSF  supported  5-week  institute  which  was  held  at  the  University 
of  Michigan  during  the  summer  of  I968.  Twenty-five  geographers  attended 
the  institute,  many  of  whom  are  now  planning  to  set  up  courses  in  re- 
mote sensing  at  their  own  institutions.  A similar  program  is  being 
planned  for  I969  to  be  held  at  the  University  of  Tennessee.  A proposal 
has  already  been  submitted,  and  a schedule  of  instruction  is  being 
worked  out . 


Bibliography 

The  commission  has  published,  through  the  Geographic  Applications 
Program,  a bibliography  of  pertinent  references  dealing  with  remote 

sensing.  The  bibliography  is  broken  down  into  four  parts:  references 

concerned  with  the  fundamentals  of  remote  sensing,  basic  remote- sensing 
references,  remote- sensing  and  land-use  references,  and  references  deal- 
ing with  automatic  pattern  recognition  processes.  Copies  can  be  obtained 
from  the  Central  Office  of  the  Association  of  American  Geographers  and 
from  the  Geographic  Applications  Program,  United  States  Geological  Sur- 
vey. 


Honea,  Robert  B. ; and  Prentice,  Virginia  L. : Selected  Bibliog- 
raphy of  Remote  Sensing.  Interagency  Report  NASA-129 , prepared  under 
U.S.  Geological  Survey  Contract  No.  14-08-0001-10921 . 
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Figure  5-2.-  Radar  imagery  of  a n’omber  of  relatively  distinct  regions  in  the  Asheville  Basin, 

western  North  Carolina, 
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Figure  5-3.-  Stereogram  of  linear  features  in  the  Asheville  Basin. 


Figure  5-^*-  Black  and  white  photograph  of  color  infrared  photograph  showing  road  markings  at 

road  intersections. 
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APPENDIX  5A 


INFORMATION  CONCERNING  OVERFLIGHT  DATA  OVER  THE 
ASHEVILLE  BASIN  TEST  SITE  (SITE  hS) 


Missions 

Five  missions  were  flown  over  the  Asheville  Basin  site  hy  NASA 
(Cohvair  2U0A  and  P3A)  between  November  3,  1965,  and  January  I968  — 
missions  li^  (November  15,  I965),  23  (May  7,  1966),  3^  (October  10, 
1966),  53  (July  10,  1967),  and  65  (January  16,  I968).  Two  overflights 
were  made  with  the  Westinghouse  radar  plane  during  September  and  Novem- 
ber 1965* 


Data  Received 

Most  of  the  materials  received  from  the  overflights  were  from  the 
photographic  sensors  — RC-8  (color  and  color  infrared)  and  multiband 
photography.  These  data  were  received  between  1 and  6 months  after  the 
missions  were  flown.  Infrared  thermal  imagery  was  made  of  the  test 
site  by  using  the  AAS4-S  and  RS-7  sets.  These  data,  however,  (for  all 
missions)  were  not  received  uintil  May  I968.  Microwave  radiometer  traces 
were  made  of  the  Asheville  site,  but  no  reference  points  were  indicated 
on  the  records j therefore,  these  remote  sensor  records  were  of  no  value 
for  investigative  purposes. 


Quality  of  Data  Received 

Most  of  the  colcr  and  color  infrared  photography  was  of  good  to 
excellent  quality,  and  these  remote-sensing  returns  formed  the  data 
base  for  most  of  the  on-going  or  completed  investigations.  Low- 
altitude  color  and  color  infrared,  taken  with  the  240A,  were  of  marginal 
value  for  conipairison  purposes  because  the  overflight  coverage -was  not 
simultaneous.  Only  where  the  flight  paths  crossed  could  the  imagery  be 
used  for. multisensor  interpretation  purposes.  On  the  other  hand,  most 
of  the  color  and  color  infrared  photography  made  from  high  altitudes 
(15  000  and  25  000  feet)  was  comparable,  but  these  data  naturally  did 
not  have  the  higher-resolution  qualities  of  the  low-altitude  photog- 
raphy. Low-altitude  nine-lens  multispectral  photography  was  of  little 
value  for  interpretation  purposes  because  the  narrow  field  of  view  of 
the  system  often  missed  specific  ground-truth  stations . 
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Since  none  of  the  thermal  infrared  materials  were  received  until 
June  of  this  year,  very  little  investigative  work  has  been  carried  out 
with  these  materials.  As  mentioned  earlier,  the  microwave  traces  were 
of  no  value  because  of  the  absence  of  reference  points. 
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TABLE  5A-I.-  USE  OF  REMOTE-SENSING  DATA 


Missions 

Remote-sensor  record 

How  used 

Ik 

23 

3k 

Low-altitude  and  high-alti- 
tude color  and  low-  and 
high-altitude  infrared 

Pond  analyses,  slope  failure 
studies,  urban  land-use 
analyses,  transpoi*tation 
studies,  historical 
studies,  rural  land-use 
studies,  socio-economic 
surrogates,  vegetative 
analysis,  "grassland” 
ba,lds,  and  vegetative  com- 
munities . 

Multi spectral  (nine-lens 
camera)  (of  little  value 
for  all  studies  carried 
out  by  ETSU) 

Rural  land  use  (differen- 
tiate crops  and  fields). 

Panchromatic 

Pond  analysis.  Slope  failure 
forms . 

Thermal  infrared 

Not  used. 

Microwave 

Not  Used. 

53 

High-altitude  color  and 
color  infrared 

Because  of  cloud  cover,  only 
selected ; portions  of  im- 
agery could  be  used  for 
rural  land-use,  ponds  and 
pollution,  and  slope  fail- 
ure studies. 

j 

65 

High-altitude  color  and 
color  infrared 

! 

Snow  covered  landscape. 
Correlated  with  imagery 
from  Mission  53  for  under- 
covering  difference  detect- 
able seasonal  landscapes  .. 

High-altitude thermal 
infrared 

Not  used. 
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APPENDIX  5B 

TABLE  5B-I.-  ASHEVILLE  BASIN  GROUND-TRUTH  DATA 
COLLECTED  DURING  OVERFLIGHT 


Nov.  ’65 

May  * 66 

Oct,  ’66 

June  '67 

Jan.  ’68 

Color  slides  and  prints 

X 

X 

X 

X 

X 

Black  and  -white  prints 

X 

X 

X 

X 

X 

Rock  sample  and  maps 

X 

Soil  sample  and  maps 

X 

Soil  moisture  and  maps 

X 

Soil  temperature  and  maps 

X 

Air  temperature  charts 

X 

X 

Relative  humidity  and  maps 

X 

X - 

Land-use  maps 

X 

X 

X 

X 

X 

Intensive  area  studies 

X 

X , 

X 

X 

Hydrological  and  climato- 
logical observation 

X 

X 

X 

Surface  weather  observation 

X 

X 

X 

■'  ' 

U.S.G.S.  hydrologic  record 

X 

X 

■ X 

- 

■ - 

Radiometric  readings 
(temperatures) 

X 
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REMOTE  SENSING  OF  FIRE  PHENOMENA 

IN  TROPICAL  GRASSLANDS: 

THE  FLORIDA  TEST  SITES,  I96T-68 

By  Merle  C.  Prunty 
University  of  Georgia 


In  the  current  phase  of  the  grassland  fire  project,  test  sites  em- 
ployed are  in  two  3.ocales  (fig.  6-1 ).  One  locale  is  about  50  miles 
southeast  of  Orlando,  Florida,  near  the  northern  margin  of  the  range 
cattle  region  of  central  Florida.  This  area  also  is  known  as  the  Florida 
flatwoods  region.  The  site  employed  during  I967-68  is  part  of  the 
K-6  Ranch,  one  of  the  holdings  of  Deseret  Farms,  Inc.  The  other  locale 
is  along  the  Georgia-Florida  state  line,  near  Tallahassee,  Florida,  and 
Thomasville,  Georgia.  This  locale  involves  four  sites,  each  quite' dif-' 
ferent  in  physical  characteristics,  ranging  from  about  500  to  more  than 
8000  acres  in  size.  Together,  these  sites  are  identified  as  test 
site  165  in  the  Mission  Summary  Reports  of  the  Earth  Resources  Aircraft 
Program.  Obviously,  this  project  classifies  as  research  in  land-use 
analysis,  although  it  contains  some  overtones  of  environmental- imp act 
analysis  as  well. 

The  long-range  rationale  of  this  research  involves  the  following: 
tropical  savannas  are  areas  in  which  herbaceous  cover,  mainly  grasses, 
is  areally  dominant.  Certain  species  of  trees,  bushj  and  brush  also 
are  present  in  varying  amounts.  These  vast  tropical  grasslands  are 
believed  to  have  evolved  largely  in  response  to  the  annual  wet  and  dry 
rainfall  cycle  which  typifies  savanna  grassland  regions  throughout  the 
world.  However,  maintenance  of  the  savanna  — or  grassland! — charac*- 
teristic  of  these  huge  areas  is  believed  to  be  primarily  a fimction  of 
ground  fires  (refs.  6-1  to  6-3).  Recurrent  ground  fires,  frequently 
ani^iUally  recurrent , are  characteristic  of  savannas  everywhere  and  appar- 
ently have  been  for  thousands  of  years  (refs.  6-4  and  6^5) • While  most 
savanna  ground  fires  today  are  of  cultural  origin,  many  also  result 
from  lightning  strikes.  These  fires  are  most  frequent  near  the  close 
of  the  savanna  dry  season,  though  they  are  not  confined  to  that  period 
(refs.  6-6  to  6-8). 

Throughout  tropical  America,  the  present  rates  of  population  in- 
crease portend  crises  in  population-supporting  Gapacities  that  easily 
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can  lead  to  political  and  economic  "explosions”  of  dangerous  propor- 
tions . The  rates  of  increase  in  these  tropical  American  nations  j as  a 
group,  significantly  exceed  increase  rates  in  any  other  large  segment 
of  the  world.  Presently,  these  populations  are  jammed  in  the  old, 
classical  highland  areas  of  settlement  that  have  "been  the  settled  areas 
since  colonial  times  (ref.  6-9).  In  contrast,  the  great  Latin  American 
"empty  areas,"  supporting  generally  low  population  densities,  are  the 
savanna  grasslands  and  the  tropical  rain  forests.  Of  these  two  environ- 
mental types,  savannas  generally  are  regarded  as  much  more  favorable 
for  settlement. 

Immediate  relief  of  the  population  crisis  in  tropical  America  can 
come  through  extensive  settlement  on  the  savannas.  Permanent  settle- 
ment of  these  areas,  in  contrast  to  the  extensive,  low-grade  grazing 
of  cattle  which  now  is  their  main  use,  involves  the  ground-fire  phenome- 
non (ref,  6-10).  In  some  instances  it  will  be  desirable  to  exclude 
fire.  In  others,  fire  will  be  a necessary  settlement  and  management 
tool.  In  both  instances,  a knowledge  of  the  freq,uency,  areal  distribu- 
tion, seasonality,  and  localization  of  ground  fires  clearly  will  be 
fundamental  to  the  success  of  new  settlements  on  the  savannas. 

However;  as  things  stand,  there  is  simply  not  enough  known  about 
fire  in  savannas  to  know  where,  when,  and  how  to  use  fire  as  an  aid  in 
settlement  or  expansion  or  where,  when,  and  how  to  protect  against  fire. 
Present  knowledge  comes  from  a group  of  empirically  derived  studies , 
mostly  in  small  areas,  conducted  over  the  past  40  to  50  years  by  many 
scholars  for  many  different  purposes  from  many  different  viewpoints. 
There  is  little  uniformity,  hence  comparability,  among  these  studies 
as  to  time,  areas,  or  purposes  and  modes  of  observation.  After  about 
a decade  of  interest  in  the  subject,  I had  given  up  the  idea  of  research 
on  grassland  fire  because  I saw  no  prospect  of  going  beyond  the  present 
sorts  of  small-area,  empirically  based  studies  until  the  remote- sensing 
prospect  provided  by  the  satellite  programs  developed.  Hemote  sensing 
presents  the  opportunity  to  pr^vduce  observations  that  can  be  standard- 
ized as  to  observational  procedure  and  quality,  that  are  both  areally 
comprehensive  and  inclusive,  that  are  temporally  uniform  and,  particu- 
larly, that  can  encompass  large  regions. 

The  long-range  objectives  of  this  research,  then,  are  development 
of  temporally  uniform  and  areally  comprehensive  data  regarding  the 
occurrence,  distribution,  type,  and  effect  of  fires  in*  savanna  grass- 
lands of  tropi chi  America  and  analysis  of  these  data  in  terms  of  their 
implications  in  the  expansion  and  creation  of  settlement  in  these  grass- 
land regions 

The  immediate  objectives  — those  of  the  I96T-68  year  — have  been 
to  identify  those  remote  sensors  best  fitted  to  observation  of  ground- 
fire  phenomena,  to  develop  familiarity  with  the  properties  and 
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limitations  of  these  sensors,  to  develop  experience  in  interpretation 
of  remote-sensed  imagery,  and  to  establish  preliminary  imagery- 
interpretation  indices.  The  Florida-Georgia  test  sites  have  been  used 
for  these  piirposes  (fig.  6-1). 

The  test  sites  were  selected  to  fit  several  criteria.  (l)  Sites 
were  needed  which  simulated  upland,  lowland,  marsh  or  swampland  savanna, 
and  wooded  as  well  as  open  savanna  conditions.  (2)  The  sites  had  to  be 
reasonably  accessible  at  all  seasons.  (3)  Inclusion  of  at  least  some 
cropland  or  fallow  land  that  could  be  burned  was  desired.  (4)  It  was 
of  course  essential  to  employ  sites  owned  by  people  who  would  cooperate 
in  terms  of  access  and  also  in  terms  of  timing  and  distribution  of  burn- 
ings. (5)  It  was  particularly  important  to  obtain  test  sites  on  unim- 
proved range  land  because  cattle  ranching  is  the  areally  dominant  land 
use  in  savanna  grasslands.  Fortunately j all  these  criteria  were  met. 

ITie  Pipeline  Road  and  the  K-6  sections  of  Deseret  Farms  j.  Florida,  pro- 
vide "open"  and  lightly  wooded  grazing  land,  plus  a diversity  of  phyto- 
morphic  types  therein.  The  Mitchell-Swift  unit  provides!  a mixture  of 
lightly  and  heavily  wooded  grassland  on  a mixture  of  terrain  types  plus 
numerous  small  fields  both  in  cultivation  and  in  fallow.  Birdsong 
Plantation  provides  a large  tract  of  "improved"  grassland  occasionally 
subjected  to  burning.  Cobb  Rocks,  a segment  of  the  St.  Marks  U.S.  Wild- 
life Refuge,  provides  one  large  tract  of  marsh  grassland,.  Tall  Timbers 
Plantation  is  the  property  of  Tall  Timbers,  Inc.,  a privately  endowed 
fire  ecology  research  station  which  contains  tracts  that  are  experimen- 
tally burned  in  rotations  of  up  to  80  years  in  length.  Tall  Timbers 
Plantation  also  contains  rather  large  tracts  of  upland  pine  woodland 
with  a savanna  under story. 

The  following  are  the  basic  hypotheses  under  test,  (l)  The  modifica- 
tions in  vegetative  cover  caused  by  ground  fires  could  be  recorded  by 
remote-sensing  insth^ents  at  accuracy  levels  sufficient  for  production 
of  relatively  large-scale  maps.  (2)  These  modifications  could  be  recog- 
nized, and  mapped,  in  the  chronologic  order  in  which  various  fires 
occurred.  (Hence,  on  savannas  with  a satellite  in  orbit,  burnings  which 
occurred  between  "overhead"  stages  could  be  recognized  and  mapped  sequen- 
tially.) (3)  Two  or  more  sensors  might  reasonably  provide  collative,  or 
supporting,  data  on  both  ground-fire  occurrence  and  fire  chronology. 

The  first  and  most  fundamental  step  was  detailed  mapping^  on  the 
ground,  of  the  vegetative  cover  by  phytomorphic  classes.  The  resulitant 
vegetation  classes  are  morphologic  and  are  high  in  geographical  qual- 
ities. The  classes  have  been  examined  by  plant  ecologists,  experts  in 
the  areas,  who  confirmed  their  validity  (refs . 6-8  and  6-11  to  6-13 ) . 

The  maps  of  existing  vegetative  cover  were  completed  approximately 
2 months  before  any  burnings  in  the  1967-68  season.  These  maps  became 
the  principal  ground  control  for  the  entire  project.  Figiure  6-2  is  an 
example  map  from  the  Pipeline  Road  unit,  Deseret  Farms. 
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It  should  he  noted  that  the  test  sites  are  small  segments  of  a huge 
phytomorphic  landscape.  (Practically  all  of  the  south  Atlantic  and  Gulf 
coastal  plain  — including  all  of  Florida  — has  been  subjected  to  recur- 
rent ground  fires  for  literally  thousands  of  years  (refs.  6-12  to  6-l4) . ) 
Thus,  the  vegetative  cover  of  the  area  is  fire  conditioned  to  the  point 
that  plants  which  cannot  tolerate  ground  fires  occur  only  dn  very  moist 
locales  where  fire  does  not  penetrate.  Only  in  recent  decades  has  much 
of  the  coastal  plain  area  been  protected  from  recurrent  gro-^nd  fires. 
Hence,  the  test  sites  — which  are  not  fire  protected  — are  covered  by 
phytomorphic  plant  associations  just  as  are  the  tropical  savannas. 

In  mapping  the  preburn  vegetative  cover,  then,  we  were  mapping  the 
plant  cover  prior  to  I967-68  burning,  but  we  also  were  mapping  the  cover 
of  a landscape  which  bears  the  marks  of  frequent  burns  in  the  recent 
past . 

In  order  to  simulate  the  precession  of  an  observation  satellite,  we 
arranged  for  burns  at  monthly  intervals  for  3 months  prior  to  the  first 
flights  (which,  were  in  the  first  week  of  January  I968).  These  sequenced 
burns  were  located  on  Deseret  Farms  in  central  Florida.  All  burning  in 
the  Tallahassee-Thomasville  area  (where  annual  burning  is  customary) 
occurred  In  conjunction  with  the  second  overflight,  on  March  1,  1968. 

These  were  the  only  overflights  for  this  project  during  the  I96T-68 
fiscal  year. 

In  addition  to  ground  control  provided  by  the  phytomorphic  mapping, 
air  temperature,  humidity,  wind  velocity,  and  soil  moisture  readings 
were  obtained  at  representative  sites  during  the  overflights.  A Barnes 
infrared  thermometer  of  the  PRT-5  type,  University-owned,  was  used  on 
one  terrain  profile  during  the  March  overflights.  All  phytomorphic 
classes  were  ground  photographed  in  Kodachrome  and  color  infrared  before 
burning,  during  burning,  and  immediately  after  burning.  Each  locale  was 
rephotographed  10  weeks  after  the  last  burns  in  March  I968. 

In  general,  the  ground-control  data  (other  than  that  from  the  vegeta- 
tion maps)  are  of  restricted  value.  Most  of  the  data  are  nondis crimina- 
tory or  apply  to  such  a small  segment  of  the  whole  test  site  as  to  be 
essentially  useless . I'or  example,  soil  moisture  is  not  particularly 
critical  to  the  movement  of  a ground  fire.  Relative  humidity  and  wind 
velocity  are  much  more  critical  (ref.  6-15).  One  of  the  largest  and 
most  spectacular  ground  fires  was  on  a marsh  grassland  on  which  there 
actually  was  standing  water.  It  is  nearly  impossible  to  obtain  data 
from  the  radiation  thermometer  on  the  ground  that  are  relevant  to  radia- 
tion readings  recorded  by  aircraft.  To  do  so,  the  ground  instrument 
woTJild  have  to  be  mounted  on  a gantry,  or  on  a tower  on  top  of  a truck, 
at  a height  sufficient  to  clear  treetops  and  at  an  angle  coincident  to 
that  of  the  plane-mounted  sensor.  A time  lag  of  more  than  a few  minutes 
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batveen  passage  of  the  remote  sensor  and  the  ground-mounted  radiation 
thermometer  would  negate  its  usefulness.  Even  if  the  problems  of  angle, 
height,  mobility,  and  large  area-sampling  were  resolved,  the  uncontrolled 
and  sometimes  unknown  variables  interposed  between  ground  and  airborne 
instruments  by  the  atmosphere  itself  place  serious  constraints  on  the 
use  of  correlation  analysis.  High  levels  of  areal  correspondence  in  the 
signatures  of  two  or  more  airborne  sensors  (such  as  the  Reconofax  IV  and 
color  infrared  and  Ektachrome)  appear  more  useful  than  the  ground-control 
readings  used  in  this  project  to  date,  except  for  the  large-scale  maps 
of  phytomorphic  units. 

After  the  imagery  was  obtained,  preselected  key  sites  were  used  to 
establish  interpretation  keys.  These  keys  were  used  to  reduce  the 
imagery  to  large-scale  maps.  Then,  these  maps  were  measured  against  the 
ground- control  maps  of  phytomorphic  classes.  Since  the  areal  limits  of 
the  fires  put  through  the  vegetation  were  known  from  the  ground,  the  tone 
and  textural  changes  in  the  imagery  could  be  tested  to  detect  fire 
effects  on  the  vegetative  cover  with  substantial  accuracy.  All  ground 
photography  (Kodachrome  and  color  infrared)  was  keyed  to  the  vegetation 
maps,  and  was  used  as  a cross-check.  The  procedure  involved  working 
from  low-altitude  imagery  (3000  feet)  to  higher  altitude  imagery 
(15  000  feet  or  more). 

The  Reconofax  IV  imagery  is,  as  a result  of  resolution,  not  as 
reliable  at  the  higher  altitude,  but  produces  better  results  than 
expected.  The  value  of  the  Reconofax  lies  in  its  ability  to  record  the 
large  cores  of  areas  of  uniform  vegetative  cover  that  were  burned  at  a 
given  time,  hence  to  corroborate  recognition  of  the  same  areas  on  the 
color  infrared  imagery.  The  Reconofax  imagery  is  of  restricted  value 
in  developing  the  boundaries  of  such  areas  because  its  image  quality 
degrades  with  altitude.  Boundaries  of  burned  areas  have  had  to  come, 
to  date,  from  the  color  infrared  imagery.  The  infrared  imagery  has  pro- 
duced consistently  good  results  at  both  altitudes,  even  with  some  smoke 
interference  from  fires  underway,  and  at  this  stage  is  our  most  reliable 
tool.  Its  ability  to  produce  precise  boimdary  results  at  the  higher 
altitude  is  particularly  encouraging.  The  Ektachrome  imagery  was  exposed 
in  the  T— 11  camera  and  generally  is  a disappointment. 

The  problems  in  developing  accurate  boundaries,  when  engaged  in 
areal  differentiation  of  almost  any  phenomena,  are  recurrent  in  geograph- 
ical work.  One  aspect  of  the  problem  is  the  bias  or  lack  of  it  -■ — of 
the  observer.  The  ground-control  mapping  of  vegetative  cover  was  per- 
formed by  .,he  three  principal  investigators,  the  writer  and  his  two 
research  assistants  (with  some  aid  from  hourly  rate  labor).  The  same 
three  investigators  produced  the  interpretation  keys  and  applied  them 
to  the  imagery.  A test  was  run  to  determine  the  extent  of  bias  in  the 
results,  hence  to  determine  the  extent  to  which  the  investigators 
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interpreted  vhat  they  observed  as  what  they  should  observe  because  they 
knew  ground  conditions  fully.  The  test,  conducted  by  Donald  Maxfield, 
University  of  Georgia  (a  man  with  years  of  photointelligence  experience 
in  the  Aeronautical  Chart  and  Information  Center,  American  Meteorological 
Society),  was  designed  to  determine  the  levels  of  accuracy  in  boundary 
determinations.  The  results  produced  a linear  boundary  correspondence  of 
better  than  92  percent,  an  areal  correspondence  of  more  than  95  percent, 
and  the  conclusion  that  the  analysis,  as  mapped,  does  not  contain  an 
interpretation  bias. 

Results  to  date  are  encouraging.  Recognition  of  and  mapping  of 
the  distribution  of  ground-fire  areas  proceeded  with  accuracy  even  on 
sites  where  forest  cover  is  relatively  dense.  We  can  recognize  — and 
delineate  accurately  — burned  areas  of  different  ages ; we  can  approxi- 
mate the  time  since  the  burn  occurred;  and  we  can  therefore  recognize  / 
burning  sequences. 

The  sequenced  burns  that  were  staged  prior  to  the  January  I968 
flight  thus  proved  their  worth  in  this  test.  Both  the  color  infrared 
and  the  Reconofax  IV  imagery  recorded  tone-and-pattern  differences  in 
response  to  the  age  differences  in  these  burns.  Obviously,  both  sen- 
sors were  recording  differences  in  the  volume /density  of  chlorophyll 
in  the  regrowth,  as  well  as  differences  in  the  height /density  of  the 
plant  structure  residual  to  the  fires. 

While  the  foregoing  results  were  anticipated,  some  quite  unexpected 
results  were  also  obtained.  Figure  6-3  represents  the  distribution  of 
areas  burned  in  the  autumn  and  early  winter  of  I967,  and  these  are  the 
areas  referred  to  in  the  preceding  paragraph.  Figure  6-3  also  repre- 
sents the  distribution  of  burns  which  occurred  in  the  autumns  of  1965 
and  1966.  The  boundaries  of  these  areas  were  not  recognized  when  the 
vegetative  cover  was  control  mapped  on  the  ground  but  appeared  on  the 
color  infrared  imagery.  When  these  areas  were  first  noted«  we  were 
unable  to  determine  definitely  what  they  were.  It  was  established  that 
these  were  old  b\irn  distributions  by  checking  the  records  of  the  owner- 
ship involved.  There  is,  then,  recognizable  variation  in  the  ''chloro- 
phyll response”  of  burns  1,  2,  and  3 years  of  age.  Just  what  this  may 
mean  in  terms  of  rangeland  and  grassland  management  and  in  regard  to 
vegetative  mapping  and  ecologic  investigations  is  not  clear.  The  poten- 
tials are  intriguing  and  deserve  additional  investigation. 

The  results  from  I5  000-foot  infrared  film  are  virtually  identical 
to  those  from  exposures  at  3000  feet;  the  ability  of  the  color  infrared 
imagery  to  "hold"  its  powers  of  boundary  resolution  at  the  higher  alti- 
tude is  quite  promising.  The  higher  altitude  results  from  the  Recono- 
fax  IV  are  influenced  by  its  low  resolution  levels,  but  still  provide 
corroborative  data . We  now  need  to  see  what  results  can  be  obtained 
from  sensors  at  much  higher  altitudes  and  from  an  infrared  thermal 
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sensor  with  greater  powers  of  resolution  than  those  of  the  Reconofax  IV, 
and  we  need  to  experiment  with  radar  signatures  from  burned  areas.  We 
would  like  to  obtain  Ektachrome  imagery  of  quality,  flown  at  15  000  feet, 
or  higher,  to  examine  closely  before  discarding  the  Ektachrome  imagery 
for  this  project.  We  also  wish  to  expand  the  size  of  the  central  Florida 
test  site  to  include  a greater  number  of  variables  in  grassland  condi- 
tions. 

During  this  year,  imagery  was  obtained  from  two  overflights,  one 
in  winter  and  one  in  early  spring.  We  now  wish  to  expand  the  coverage 
to  include  all  seasons  so  that  the  ability  of  the  sensors  to  detect 
fire  modifications  during  periods  of  rapid  vegetative  regrowth  can  be 
examined. 
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REMOTE  SENSING  OP  FIRE  PHENOME3NA  IN  TROPICAL  GRASSLANDS: 
THE  FLORIDA  TEST  SITES,  I967-68 

By  Merle  C.  Prunty 
Sept.  1968 
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occurred  in  1965  and  1966"  instead  of  "...  which 
occurred  in  the  autumns  of  1965  and  I966." 
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REMOTE  SENSING  AND  THE  STUDY  AND  PLANNING 
OF  URBAN  AREAS 


By  Duane  F.  Marble 

Department  of  Geography,  Northwestern  University 
and  Frank  E.  Norton 

Department  of  Geography,  University  of  Iowa 

Today,  there  are  as  many  people  in  the  urban  areas  of  our  country 
as  there  were  in  the  total  population  less  than  two  decades  ago,  and 
in  the  next  40  years  our  urban  areas  will  double  in  size,  growing  as 
much  in  that  time  as  all  of  our  urban  growth  since  the  first  settlement 
of  North  America.  The  basic  question  we  face  as  a nation  is  not  one  of 
our  capability  to  provide  for  this  massive  and  complex  growth,  since  we 
can  and  will  do  so,  but  rather  if  we  can  mount  such  an  effort  without 
including  disasterous  shifts  in  the  quality  of  urban  life.  This  problem 
arises  at  a time  when  there  is  already  grave  concern  about  the  serious 
pathological  state  of  our  cities.  President  Johnson  made  the  following 
note  last  year  on  the  occasion  of  certain  demonstrations  of  this  con- 
dition (ref.  T-l): 

’’The  only  genuine,  long-range  solution  for  what  has  happened  lies 
in  an  attack  — mounted  at  every  level  - — upon  the  conditions  that 
breed  despair  and  violence.  All  of  us  know  what  those  conditions  are: 
ignorance,  discrimination,  slums,  poverty,  disease,  not  enough  jobs. 

We  should  attack  these  conditions  — - not  because  we  are  frightened  by 
conflict,  but  because  we  are  fired  by  conscience.  We  should  attack 
them  because  there  is  simply  no  other  way  to  achieve  a decent  and  or- 
derly society  in  America.” 

The  future  of  our  cities  will  be  shaped  to  an  important  degree  by 
the  choices  we  make  today.  The  problems  of  the  cities  are  being  ac- 
tively attacked  at  all  levels  of  Government,  and  it  has  become  apparent 
that  correction  of  present  pathological  conditions,  while  simultaneously 
attempting  to  provide  for  substantial  new  growth,  will  constitute  one 
of  the  major  demands  upon  the  resovirces  of  our  society  in  the  decades 
to  come.  (To  illustrate,  one  recent  estimate  of  the  urgent  funding 
needs  for  urban  transportation  alone  calls  for  expenditui’es  of  at  least 
$5  billion  a year  over  the  next  decade.)  The  city  is  an  exceedingly 


complex  organism,  and  while  we  have  some  feeling  for  the  way  we  would 
like  it  to  he,  we  are  severely  handicapped  by  our  general  lack  of  knowl- 
edge of  how  it  operates.  Several  weeks  ago.  Secretary  Weaver  of  the 
Department  of  Housing  and  Urban  Development  of  the  Presidental  Cabinet 
pointed  this  out  to  a select  committee  of  the  Congress  when  he  said 
the  following  (ref.  7-2); 

’’There  is  no  simplistic  formula  under  which  we  can  ensure  the 
development  of  a viable  and  valid  national  environmental  policy  for 
urban  America,  not  today  and  not  for  a good  many  days  to  come.  There 
are  too  many  things  we  do  not  know,  basic  matters  such  as  how  we  define 
quality  in  the  urban  environment,  how  we  measure  it,  and  how  we  strike 
a balance  among  competing  values.” 

Coupled  with  the  action  programs  that  are  so  urgently  needed  by  our 
cities,  there  must  be  an  intensive  program  of  research  and  planning 
which  will  enable  us  to  carry  out  these  change  programs  with  the  highest 
efficiency  possible.  Without  viable  supporting  programs  in  these  areas, 
we  stand  in  grave  danger  of  dissipating  our  scarce  national  resources 
without  attaining  our  desired  ends. 

The  phenomena  we  call  a city  are  the  complex  simi  of  a host  of  human 
and  physical  subsystems  which  both  generate  and  respond  to  a wide 
variety  of  stimuli.  Research  studies  designed  to  define  and  analyze 
the  stimuli-response  relationships  between  and  within  urban  subsystems 
are  being  actively  pursued  by  researchers  in  many  disciplines.  For 
example,  in  the  last  two  decades,  geographers  have  developed  a sig- 
nificant body  of  knowledge  dealing  with  those  spatial  relationships 
which  play  a major  role  in  f ftablishing  the  physical  structure  of  the 
city.  The  complex  interactions  which  characterize  the  maze  of  urban 
subsystems  force  the  researcher  away  from  the  formulation  of  broad 
definitive  statements  and  into  a posture  where  results  are  acquired  only 
in  minute  increments  in  a manner  resembling  the  construction  of  a large 
jigsaw  puzzle.  This  framework,  unfortunately,  tends  to  operate  within 
an  accomplishment  time  frame  of  years  or.  even  decades. 

Interacting  with  these  research  efforts  are  the  activities  of  the 
planners  who  are  attempting,  on  the  basis  of  the  limited  knowledge 
currently  in  hand,  to  guide  our  growing  urban  areas  in  directions  which 
hopefully^  reflect  at  least  some  of  the  goal  structures  of  the  individuals 
inhabiting  them.  The  relationship  between  the  planners  and  the  re- 
searchers is , of  necessity , a close  one.  In  its  most  effective  form, 
the  relationship  is  a strong,  two-directional  relationship,  since  the 
planners,  in  the  course  of  their  daily  operations , have  access  to  experi- 
ences which  assist  the  researchers  in  structuring  their  investigations 
of  the  urban  system. 
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One.  of  the  major  stimbling  blocks  to  the  efforts  of  both  urban 
researchers  and  planners  has  been  the  lack  of  pertinent  and  reliable 
data.  Data  perform  a vital,  two-fold  task:  (l)  to  provide  a basis  for 

testing  research  hypotheses  relating  to  urban  subsystems  and  subsystem 
elements  and  (2)  to  provide  a basis  for  current  decision  making,  as  well 
as  a means  of  monitoring  the  outcome  of  past  decisions.  Hence,  the 
acquisition  and  maintenance  of  large  quantities  of  data  represent  a 
basic  link  in  the  attempts  to  attack  our  massive  urban  problems. 

Data  used  in  urban  studies  sho/uld  ideally  meet  a variety  of  criteria 
such  as  timeliness,  flexibility,  compatibility,  and  reliability.  In 
present  circumstances,  the  resc^archer  or  planner  usually  feels  fortunate 
indeed  if  his  data  set  satisfies  even  one  of  these  criteria  — let  alone 
all  four.  It  is  quite  clear  to  workers  in  this  area  that  something 
must  be  done  to  improve  significantly  both  the  quality  and  quantity  of 
urban  data,  or  we  will  be  unable  to  get  on  with  our  main  task  of  improv- 
ing the  urban  environment. 

In  1963,  the  National  Aeronautics  and  Space  Administration,  in 
cooperation  with  several  other  groups,  convened  a Conference  on  Space, 
Science,  and  Urban  Life.  The  following  was  the  basic  question  posed 
for  the  participants: 

’’Can  a national  program  of  space  exploration  be  applicable  to  the 
daily  tasks  of  the  men  and  women  who  live  aiid  work  in  our  cities?” 

The  conference  answered  the  question  in  what  could  best  be  described 
as  a series  of  guarded  affirmatives  based  largely  upon  technological 
spillover  effects  and  upon  secondary  and  tertiary  economic  impacts 
(ref.  7-3).  This  appears,  in  our  opinion,  to  represent  far  too  limited 
a view,  since  it  is  our  contention  that  the  space  program  is  now  moving 
toward  a position  in  which  it  can  be  of  direct  assistance  to  those 
planners  and  researchers  who  are  deeply  involved  with  our  urban  problems. 
This  direct  involvement  can  grow  out  of  the  studies  which  are  currently 
being  conducted  as  part  of  the  Earth  Resources  Survey  Program  on  the 
evaluation  of  remote  sensors  as  data  sources  for  urban  and  transpor- 
tation studies.  The  remote  sensors  appear  to  have  a place  as  one  of 
several  data  sources  incorporated  into  a larger  urban  information 
system  (fig.  T-l). 

In  our  investigations  at  Northwestern,  we  have  pursued  two  parallel 
approaches  to  this  evaluation  problem,  first,  by  focusing  upon  recent 
advances  in  sensor  technology  and  moving  from  there  to  the  identification 
of  possible  urban  applications  and  second.,  by  beginning  with  the  identi- 
fication ox  critical  urban  problems  and  their  specific  data  needs  and 
then  examining  the  capability  of  remote-sensor  systems  to  provide  the 
required  data.  The  first  approach  is  exemplified  by  the  reports  we 
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have  prepared  on  side-looking  radar,  thermal  infrared  (IR)  scanners, 
and  hyperaltitude  photography  as  potential  urban  data  sources  (appen- 
dix TA).  The  second  approach  is  represented  by  our  studies  relating 
to  the  measurement  of  quality  of  the  residential  environment  from 
photographic  imagery.  The  latter  approach  is,  by  far,  the  most  desir-. 
able  one,  but  since  the  exotic  sensors  -were  almost  unknown  to  us,  as 
well  as  to  most  other  urban  researchers,  it  appeared  necessary  to  de- 
velop some  basic  understanding  of  their  gross  capabilities  before  press- 
ing for  more  detailed  inquiries  arising  out  of  perceived  urban  data 
needs . 

Our  studies  have  shown  that,  in  the  limited  cases  examined,  remote 
sensors  possess  certain  comparative  advantages  as  urban  data  sources, 
but  only  when  considered  within  the  general  urban  information  system 
context  mentioned  earlier.  An  appropriate  query  at  this  point  is  ’’Where 
do  we  stand?  What  has  been  accomplished,  and  what  remains  to  be  done?" 

At  the  start  of  this  program,  remote  sensors,  other  than  conven- 
tional black  and  white  photography,  were  neither  widely  used  nor  gener- 
ally considered  as  urban  data  sources.  Based  upon  imagery  provided  by 
the  Earth  Resources  Aircraft  Program,  we  have  demonstrated  that  the  effi- 
ciency with  which  the  photographic  sensors  are  used  can  be  significantly 
increased  and  that  in  one  critical  urban  problem  area,  measurement,  of 
the  quality  of  the  residential  environment,  the  photographic  sensors 
can  quickly  and  efficiently  supply  many  of  the  classes  of  data  which 
are  currently  collected  by  relatively  slow  and  inefficient  ground  sur- 
veys. (Appendix  contains  a more  detailed  discussion  of  the  relation- 
ship of  our  research  to  the  aircraft  support  program  provided  by  the 
Manned  Spacecraft  Center,  Houston,  Texas.)  Studies  of  the  more  exotic 
sensors  have  confirmed  earlier  impressions  that  they  can  provide  valu- 
able supplements  to,  or  perhaps  even  replacements  for,  photographic 
studies.  However,  we  have  not  examined  the  sensors  in  the  context  of 
the  data  needs  of  many  other  vital  urban  problems  , nor  have  we  come  to 
grips  with  the  question  of  cost  effectiveness. 

Investigations  of  other  critical  urban  problem  areas  are  necessary 
in  order  to  clearly  establish  the  potential  of  remote  sensors  as  viable 
urban  data  sources.  An  evaluation  of  all  available  data- collect ion 
methods  with  a view  to  determining  which  method  comes  closest  to  achiev- 
ing predefined  levels  of  acceptability  for  the  requirements  of  timeli- 
ness, flexibility,  compatibility j and  reliability  within  the  constraints 
of  a specified  budget  is  a necessity.  One  major  difficulty  in  under- 
taking any  study  of  the  cost  effectiveness  of  remote  sensors  vis-a-vis 
other  scurces  of  urban  data  lies  in  the  unfortunate  fact  that  very  lit- 
tle cost  documentation  is  available  for  the  data-collection  methods  cur- 
rently in  use.  We  are  in  the  process  of  obtaining  detailed  cost 
information  for  one  large  ground  survey  conducted  in  Los  Angeles  imme- 
diately before  mission  73,  but  the  existence  of  such  information  must 
be  considered  highly  unusual. 
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Currently,  it  appears  that  useful  cost-effectiveness  data  can  be 
produced  only  through  the  actual  operation  of  current  data-collection 
methods  within  a strict  cost-accoimting  framework.  Aside  from  a rather 
unattractive  and  expensive  decision  to  undertake  the  development  of 
this  information  entirely  within  the  Earth  Resources  Survey  Program, 
the  on]y  viable  alternative  appears  to  be  to  persuade  the  relevant 
action  agencies  to  embed  one  or  more  of  their  future  data-collection 
efforts  within  an  appropriate  cost-accounting  framework.  This  latter 
course  of  action  would  undoubtedly  req^uire  coordination  and  persuasion 
on  a fairly  high  administrative  level.  Any  effort  directed  at  cost- 
effectiveness  studies  implies,  of  course,  that  comparable  accounting 
records  will  be  developed  for  all  phases  of  the  existing  aircraft  program 
and  that  viable  estimates  of  the  costs  of  spacecraft  programs  will 
become  available.  The  exceedingly  complex  problem  of  joint  costs  and 
benefits  between  the  various  sensing  systems  must  also  be  successfully 
untangled. 

Probably,  the  most  promising  area  for  immediate  investigation  is 
that  of  data  inputs  for  the  urban  transportation  planning  process.  This 
process,  diagramed  in  figure  7-2,  utilizes  data  relating  to  existing 
land-use  and  movement  patterns  within  the  city  to  forecast  future  move- 
ment patterns.  Included  in  this  forecasting  process  is  the  development 
of  land-use  forecasting  models  which  are  utilized  by  both  urban  planners 
and  transportation  planners.  These  models  are  critical  to  decision 
makers  in  that  they  specify  probable  outcomes  of  alternative  action 
programs.  The  testing  of  urban  models  of  this  type  has  been  seriously 
hampered  by  the  lack  of  a sound  data  base  and  particularly  longitudinal 
data  sets.  These  forecasts  then  form  the  basis  for  major  investment 
decisions  in  freeways,  mass  transit,  et  cetera.  All  major  urban  areas 
in  the  United  States  are  required  to  participate  in  this  process  on  a 
continuing  basis  in  order  to  qualify  for  Federal  participation  in  the 
funding  of  the  resulting  construction  schemes.  Our  current  research 
has  already  demonstrated  the  ability  of  airborne  sensors  to  provide 
the  required  data  on  residential  land  use,  and  it  appears  likely  that 
techniques  to  provide  the  desired  data  on  commercial  and  industrial 
uses  can  be  developed.  The  question  of  the  necessary  movement  inven- 
tories is  quite  another  matter.  For  several  years  , we  have  urged  with- 
out success  that  experiments  in  this  critical  area  be  incorporated  into 
the  program.  One  major  difficulty  appears  to  be  that  experiments  in 
movement  dynamics  are  unique  to  this  portion  of  the  Earth  Resources  Sur- 
vey Program.  The  demands  of  such  experiments  in  terms  of  aircraft  flight 
time  and  related  ground  studies  would  be  heavy,  and  newly  specialized 
sensors  (e.g,  , moving  target  indicator  radars , plus  appropriate  trans- 
ponders mounted  on  a sample  of  vehicles)  would  be  required.  The  failure 
to  develop  experimentation  in  this  area  represents  one  of  our  major 
disappointments  with  the  Earth  Resources  Survey  Program.  Significant, 
if  not  as  comprehensive,  results  can  still  be  obtained  through  demon- 
.strations  that  remote  sensors  can  supply  the  data  necessary  for  the 
static  inventories  (e.g.,  land-use  inventories  for  small  areas  within 
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the  city).  Studies  of  the  data  requirements  for  the  urban  transporta- 
tion planning  process  are  also  attractive  in  that  this  problem  area 
would  appear  to  be  one  of  the  best  for  the  collection  of  cost  data. 

So  far,  nothing  has  been  said  about  the  remote  sensing  of  urban 
areas  from  earth-orbital  platforms.  There  is  a good  reason  for  this 
omission.  At  the  present  time,  we  have  only  low-altitude  thermal  IR 
imagery  and  a few  scattered  radar  images.  The  radar  appears  somewhat 
more  attractive  than  the  thermal  scanners , but  we  need  to  experiment 
with  a much  larger  quantity  of  urban  imagery  more  representative  of  the 
broad  spectrum  of  available  radars  before  more  definitive  statements 
can  be  made.  In  the  photographic  area,  the  low-altitude  aircraft 
flights  have  demonstrated  that  high-  to  ultrahigh-resolution  imagery, 
from  an  orbital  standpoint,  can  be  a valuable  source  of  urban  data. 

Our  studies  of  the  limited  Gemini  urban  imagery  show  that  useful  infor- 
mation on  the  size,  location,  and  - — by  implication  — functional  struc- 
ture of  the  system  of  cities  can  be  obtained  at  relatively  low-resolution 
levels . 

Based  upon  our  investigations,  there  is  no  question  in  our  minds 
that  images  obtained  from  remote  sensors  in  earth  orbit  can  be  a useful 
source  of  urban  data  in  this  country  and  particularly  in  the  rest  of 
the  world.  However,  detailed  interpolation  between  the  two  extreme 
cases  mentioned  previously  is  quite  difficult.  The  situation  would  be 
clarified  considerably  by  the  generation  of  additional  data  points,  and 
as  a consequence,  we  would  suggest  that  a very  high  priority  be  assigned 
to  placing  a standard,  long-focal-length  mapping  camera  in  a short-term 
earth  orbit  as  soon  as  possible.  Imagery  obtained  from  aircraft  oper- 
ating at  altitudes  of  at  least  15  to  20  miles  would  also  be  useful.  When 
additional  information  of  the  type  discussed  here  becomes  available,  more 
specific  comments  on  potential  urban  uses  of  imagery  obtained  from  sensors 
in  earth  orbit  will  be  possible. 
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APPENDIX  TB 

RESULTS  ACQUIRED  FROM  THE  USE  OF  DATA 
FROM  NASA  AIRCRAFT 


Introduction 

The  Remote  Sensing  Laboratory,  Department  of  Geography,  Northwestern 
University,  has  been  involved  in  flight  operations  on  four  urban  test 
sites:  Chicago,  Illinois  (43);  Phoenix,  Arizona  (29);  Los  Angeles,  Cal- 

ifornia ( 130  );  and  New  Orleans,  Louisiana  (132).  Involvement  with  test 
sites  130  and  132  has  been  quite  recent,  and  generally  the  comments  which 
follow  will  apply  to  investigations  based  upon  imagery  obtained  over  test 
sites  43  and  29. 


Imagery  Available 

Test  site  29  was  flown  by  NASA  Convair  240A  aircraft  in  July  1969, 
February  I966,  and  March  I96T . In  addition,  a small  quantity  of  ther- 
mal IR  imagery  was  obtained  from  the  HRB-Singer  flight  in  August  I966. 
Little  useful  color  photography  was  obtained,  on  missions  12  and  19  as 
the  result  of  exposure  problems.  The  mu.ltiband  black  and  white  photog- 
raphy was  generally  good  and  formed  the  basis  for  much  of  the  early 
work . 

Test  site  43  was  flown  by  NASA  aircraft  in  November  I965 5 Jnly  I966, 
and  November  I966.  Mission  l4  imagery  covered  a limited  portion  of  the 
site,  and  utility  of  the  imagery  was  reduced  through  double  exposure  of 
a signigicant  portion  of  the  multiband  film.  Mission  25  covered  more  of 
the  test  site,  but  several  equipment  failures  occurred.  Mission  31  at- 
tempted to  pick  up  flight  lines  that  were  skipped  on  mission  25,  but  was 
only  partially  successful  because  of  weather  conditions.  Two  sets  of 
radar  imagery  were  obtained  in  October  I965  and  July  I966  by  the  Westing- 
house  Corporation  acting  under  contract  to  the  NASA  Earth  Resources  Pro- 
gram. 


Results  Obtained 

Since  a large  number  of  technical  reports  have  been  prepared  which 
were  based  upon  analyses  of  the  imagery  ( appendix  TA) , this  section  will 
serve  mainly  as  a guide.  Most  of  the  imagery  available  consisted  of 
conventional  color  and  multiband  black  and  white.  The  range  of  current 


applications  of  this  type  of  imagery  is  pointed  out  hy  Manji  (1968). 
Early  works,  primarily  with  the  multiband  imagery,  lead  to  reports  deal- 
ing with  the  place  of  remote  sensors  in  urban  information  systems 
(Dueker,  I966;  Garrison,  I966;  and  Thomas  and  Marble , I966).  More  de- 
tailed studies  on  object  identification  and  signatures  in  urban  areas 
followed  (Betak,  19^7 ; and  Schneider,  19^7 ) in  an  attempt  to  develop 
data  on  problems  of  signature  versus  pattern  analysis  in  urban  areas. 

A heavy  concentration  on  nonresidential  land  use  produced  reports  by 
Wellar  (1967)  and  by  Moore  and  Wellar  (1968)  which  demonstrated  the 
utility  of  multiband  photography  in  this  area. 

Reports  dealing  with  the  thermal  scanner  (Wellar,  I968)  and  imaging 
radar  (Moore,  I968)  were  prepared,  but  their  release  was  held  up  for 
several  months  because  of  security  considerations.  In  addition,  a re- 
port has  been  prepared  on  the  subject  of  urban  data  which  can  be  ex- 
tracted from  Gemini  photography. 


Instrument  Evaluation 

Studies  to  date  have  had  available  standard  color  photography,  color 
IR  photography,  and  multiband  photography  in  large  quantities  plus 
smaller  amounts  of  imagery  from  scanners  operating  in  the  thermal  IR  and 
in  the  ultraviolet  regions.  In  general,  photographic  sensors  have  been 
found  to  be  the  most  useful  with  color  IR  photography  which  is  superior 
to  regular  color  because  of  increased  contrast  and  haze  penetration.  A 
bank  of  medium-  to  high-resolution  mapping  cameras  operating  in  a multi- 
band mode  would  appear  to  be  highly  useful  in  an  earth-orbital  situation, 
but  only  if  combined  with  appropriate  data-handling  equipment.  Imaging 
radars  also  appear  to  be  highly  useful.  Returns  from  scanners  operating 
in  the  thermal  IR  region  do  not  currently  seem  as  promising,  and  no  pos- 
itive results  have  been  obtained  from  examination  of  the  ultraviolet 
scanner  imagery. 

It  should  be  realized  that  the  previous  statements  reflect  the 
availability  of  various  types  of  imagery.  Neither  imaging  radars  nor 
the  thermal  scanners  have  been  studied  in  appropriate  detail  (text  of 
this  report),  and  a thorough  instrument  evaluation  must  wait  until  a 
broader  capability  is  available  in  these  areas. 
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By  David  S.  Simonett 

Department  of  Geography  and  Center  for  Research  in 

Engineering  Science 
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ABSTRACT 


Construction  of  thematic  maps  with  spacecraft -derived  photographs 
and  with  radar  images  obtained  from  aircraft  with  resolutions  comparable 
to  those  anticipated  from  spacecraft  is  in  progress,  supported  by  funding 
from  the  Geography  Applications  Program,  U.S.  Geological  Survey,  for  the 
National  Aeronautics  and  Space  Administration.  Preliminary  studies  are 
reported  in  a discussion  of  (l)  whether  existing  thematic  land-use  maps 
could  be  constructed  with  space  data,  (2)  problems  of  constructing  the- 
matic land-use  maps  using  space  data,  (3)  information  in  Gemini  photo- 
graphs and  in  aircraft  radar  images,  and  (4)  some  aspects  of  the  roles 
of  photography  and  radar  as  complementary  and  supplementary  sensors. 


INTRODUCTION 


The  interest  of  geographers  in  the  possibility  of  spacecraft  the- 
matic mapping  arises  because  most  thematic  maps  have  scales  between 
1:100  000  and  1:2  000  000  and  are  laboriously  pieced  together  with  data 
which  vary  markedly  in  quality,  quantity,  and  date  of  collection.  It 
is  rarely  possible  to  obtain  a single  synoptic  view  with  existing  methods 
of  data  collection,  except  in  single  countries  at  the  time  of  their  na- 
tional censuses.  However,  for  many  parts  of  the  world,  national  censuses 
are  infrequent  and  are  of  only  modest  accuracy.  For  most  underdeveloped 
nations , thematic  maps  which  are  useful  for  planning  and  for  various 
levels  of  policy  decisions  are  inadequate. 

It  has  been  suggested  or  implied  by  a number  of  geographers,  in- 
cluding the  writer,  that  multisensor  space  systems  may  well  constitute 
the  best  source  of  contemporaneous  data  acquisition  for  construction  of 
some  existing  types  of  thematic  maps  and  for  the  construction  of  new 
types  of  thematic  maps.  It  has  been  argued,  for  example,  that  instead 


of  widely  scattered  point  information,  which  is  variable  in  both  quan- 
tity and  quality,  spacecraft  will  give  us  broad-perspective,  small-scale, 
repetitive  areal  observations  which  have  not  hitherto  been  obtainable. 

It  has  also  been  suggested  that  spacecraft  repetitive  and  multisensor 
observation  may  offer  new  opport\mities  both  to  reduce  the  degree  of  our 
dependence  on  ground  study  and  to  improve  the  quality  of  our  inferences 
in  the  areas  between  field  study  sites. 

To  test  these  suggestions , it  is  appropriate  to  consider  various 
thematic  maps  in  regard  to  their  data  base  and  uses  and  with  regard  to 
^'s3'Sibility  of  constructing  the  maps  with  spacecraft— derived  imageiy. 


POSSIBILITY  OF  EXISTING  LAND-USE  MAPS  BEING 
CONSTRUCTED  USING  SPACE  DATA 


The  following  preliminary  conclusions  have  been  reached  on  the  basis 
of  inspecting  a great  variety  of  land- use  maps  at  scales  ranging  from 
1:20  000  to  1:1  000  000: 

1.  Very  few  existing  land-use  maps  at  any  scale  could  be  exactly 
^^plicated  from  spacecraft  data.  This  arises  because  practically  every 
map  inspected  mixes  some  categories  which  would  be  observable  using  space 
data  with  others  which  are  nonobservable.  The  nonobservable  categories 
may  require  (a)  too  high  a spatial  resolution  (allotment  gardens  shown 

on  a number  of  British  maps),  (b)  information  which  is  not  obtainable 
from  space,  being  obtained  from- statistical  sources,  (c)  inferences  only 
(not  precise  information)  which  could  be  obtained  from  space,  or  (d)  a 
synthesis  of  material  usually  from  statistical  sources.  Examples  of 
statistical  sources  would  include  such  categories  as  unirrigated  vine- 
yards , irrigated  vineyards , improved  pasture,  grazed  desert  shrubland, 
fine  wool  raising,  et  cetera. 

2.  Space  craft- derived  data  may  be  used  to  bridge  existing  thematic 
land-use  maps,  but  with  varying  degrees  of  ’’accuracy,"  depending  on  the 
problem  at  hand. 

3.  Spacecraft  data  derived  from  Gemini  photographs  may  be  used  to 
produce  thematic  maps  with  differing  levels  of  error,  depending  on  the 
need  at  hand.  This,  it  is  suspected,  will  apply  even  with  finer  reso- 
lution photographs.  Thus,  it  may  be  necessary  to  delineate  all  small 
villages  and  small  highways  , and  the  Gemini  photographs  may  be  found  to 
be  unsuitable  for  such  a purpose.  Alternatively,  some  loss  function 
(perhaps  20  percent  in  this  case)  may  be  found  to  be  acceptable. 
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PROBLEMS  OF  CONSTRUCTING  THEMATIC  LAND-USE  MAPS 
USING  SPACE  DATA 


In  June  and  July  of  1968,  a study  was  begun  on  the  problems  which 
would  be  involved  in  producing  a simple  eight-category  thematic  land- 
use  map,  employing  the  following  categories,  to  be  compiled  initially 
at  a scale  of  1:250  000: 


1. 

Settlement 

o 

^ • 

Cultivation 

3. 

Grass 

4. 

Forest 

5. 

Water 

6. 

Brush 

T. 

Barrenness 

8. 

Ice  and  snow 

Two  parallel  studies  were  carried  out  on  the  cell  size  for  decision 
making  and  the  cell  size  for  resolution.  In  the  first  study,  the  cell 
size  for  decisionmaking  took  cells  in  steps  of  100,  2Q0,  400,  and 
2 

1000  ft  in  Kansas,  Panama,  southeast  Asia,  and  Puerto  Rico.  In  a major 
study  in  eastern  Kansas  involving  four  adjacent  counties  (UOOO  square 
miles)  the  cell  size  for  decisionmaking  was  ^0  acres.  One  subsample 
in  the  eastern  Kansas  study  was  tested  with  six  operators  individually 
making  decisions  to  obtain  some  idea  as  to  the  types  of  decision  dif- 
ferences which  could  later  be  compared  with  machine  decisions.  These 
studies  lead  to  the  following  preliminary  conclusions: 

1.  The  degree  to  which  a given  spatial  resolution  effects  infor- 
mation transfer  is  a function  of  the  spatial  and  temporal  distribution 
of  objects  in  each  given  geographic  area.  In  short,  no  single  reso- 
lution will  convey  the  same  information  in  all  environments.  A given 
resolution  has , in  effect,  an  information  transfer  function  accompanying 
it  which  is  environmentally  modulated.  Much  further  work  is  needed  on 
this  problem. 

2.  The  infinite  variety  of  possible  combinations  of  different  ob- 
jects within  large-resolution  cells  makes  it  infeasible,  except  on  an 
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occasional  "basis,  to  carry  out  vi thin-cell  multispectral  discrimination 
techniques.  In  short,  gross^resolution  multispectral  data  cannot  sub- 
stitute across  the  board  for  higher  resolution  information. 

3.  Tests  begun  on  several  Gemini  and  Apollo  photographs,  including 
those  of  the  Dallas-Fort  Worth  area,  to  compare  transportation  routes 
with  routes  delineated  on  radar  indicate  that  the  Apollo  photographs 
have  a very  high  potential  for  accurate  delineation  of  transportation 
routes  in  that  environment,  though  it  may  not  be  easy  to  discriminate 
between  route  types.  In  particular,  roads  under  construction  are  the 
most  readily  detected  and  indicate  a valuable  potential  for  change  de- 
tection. The  radar  images  of  the  same  area  have  yet  to  be  evaluated. 

1+.  Color-separation  plates  prepared  with  Gemini  photographs  to 
determine  the  information  available  in  the  different  wavelengths  indi- 
cate considerable  differences  in  information  in  each  channel,  depending 
on  the  environment . 

5*  Studies  on  a Gemini  photograph  of  the  MacDonnell  Ranges  of 
central  Australia,  supplementing  those  already  carried  out  under  Aus- 
tralian sponsorship  by  R.  H.  Colwell  (Berkeley,  California)  and  R.  A. 

Perry  (CSIRO,  Australia),  have  been  made  on  the  cut-off  effect  in  vege- 
tation and  soil  boundary  discrimination  evident  with  an  approximately 
300-foot  resolution  on  the  Gemini  photograph.  These  studies  indicate, 
as  Colwell  has  already  determined,  that  boundaries  of  significant  vege- 
tation communities  (determined  by  Perry  and  others  from  field  work)  were 
easier  to  delineate  on  space  photographs  than  on  air  photomosaics  and 
that  a number. of  subtle  boundaries  were  easier  to  detect  on  the  space 
photography  than  on  air  photographs  and  photomosaics . In  other  instances, 
however,  now  being  documented  in  detail,  significantly  different  vege- 
tation communities  are  displayed  in  comparable  color  tones  because  of 
the  presence  of  the  fine  mixture  of  vegetation,  soil,  bare  rock,  et  cet- 
era. Thus,  light-toned  areas  on  the  Gemini  photograph  , include  complex 
dissected  later ite  areas,  bare  red  soil,  dry  kerosene  grass  and  red  soil, 
dry  mitchell  grass  and  red  soil,  and  some  salt  pans.  On  the  basis  of 
color  tone  or  texture  alone,  these  areas  cannot  be  separated  on  the 
space  photograph.  Similarly,  dark-toned  objects  including  dense  Mulga 
(Acacia  aneura) , Melaleuca,  Eucalyptus  camaldulenis , and  Collitris  sp. 
cannot  be  acceptably  separated  oh  color  or  multispectral  tone  value 
alone.  To  enable  these  communities  to  be  distinguished,  higher  reso- 
lution is  necessary,  perhaps  on  the  order  of  100  feet,  in  order  for  dis- 
tinctions to  be  made  employing  spatial  associations  in  context.  A mod- 
est amount  of  light-aircraft  aerial  oblique  photography  coupled  with 
spot  ground  checks  could  usefully  be  employed  with  Gemini  space  photo- 
graphs to  produce  rapid-reconnaissance  vegetation-type  maps.  As  sug- 
gested also  by  Colwell  and  Poulton  at  this  meeting,  there  would,  of 
course,  be  errors  in  such  maps,  but  all  maps  compiled  by  man  contain 
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errors.  The  only  question  of  relevance  is  of  the  nature  of  the  errors 
and  the  degree  to  which  they  are  intolerable  for  the  purpose  at  hand. 


INFORMATION  ON  GEMINI  PHOTOGRAPHS 


The  120  space  photographs  have  been  color  separated  and  arranged 
by  the  moisture  in  the  atmospheric  mass.  These  are  being  inspected  to 
determine  the  relative  amount  of  noise  in  the  blue,  green,  red,  and 
infrared  (IR)  layers  as  a function  of  atmosphere-contained  moisture. 

It  will  be  6 to  8 months  before  this  work  is  sufficiently  far  advanced 
for  definitive  information  to  be  given.  Experiments  were  also  carried 
out  in  central  Australia  using  film-filter  combinations  in  false  color 
involving  the  Wratten  12  and  the  Wratten  15  plus  80B  filters  which  Pease 
and  Bowden  of  the  University  of  California  at  Riverside  have  used  in 
experiments.  Color-separation  plates  in  central  Australia  have  been 
edge  enhanced  for  detection  of  fine  structure  within  the  images.  It  is 
now  clear  that  color-separation  plates,  used  in  conjunction  with  the 
color  photography,  convey  more  information  than  the  color  photography 
alone. 


INFORMATION  ON  RADAR  IMAGES 


1.  In  order  to  determine  the  degree  to  which  radar  images  and 
space  photography  may  usefully  complement  and  supplement  one  another, 
Gemini  and  Apollo  space  photographs  in  the  Houston  and  Dallas-Fort  Worth 
areas  are  being  compared  with  radar  imagery  of  different  resolutions  in 
the  same  areas.  This  study  is  at  an  early  stage,  and  it  is  not  feasible 
yet  to  report  on  the  results,  except  that  detection  of  urban  and  trans- 
portation areas  in  four  Gemini  photographs  were  made  in  the  Gila  Bend, 

El  Paso-Juarez,  Midland-Ode ssa,  and  Houston-Gulf  Coast  areas.  Compari- 
sons also  were  made  of  radar  images  with  17  interpreters , and  the  quality 
of  the  results  are  now  being  compared. 

2.  The  information  available  on  radar  imagery  is  discussed  in  a 
munber  of  preliminary  reports.  The  report  by  A.  J.  Lewis,  "Evaluation 
of  Multiple  Polarized  Imagery  for  the  Detection  of  Selected  Cultural 
Features,"  is  summarized  in  appendix  8A.  It  employs  an  analysis  of 

the  imagery  from  nine  areas  scattered  widely  throughout  the  United  States 
and  tests  statistically  the  differences  between  like-polarized  (HH)  radar 
imagery  and  cross-polarized  (HV)  radar  imagery  in  the  detection  and  de- 
lineation of  point  and  line  cultural  targets.  The  report  employed  some 
70  interpreters  to  provide  adequate  statistics. 
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3.  A preliminary  study  has  also  "been  made  by  Joseph  Sabol  outlining 
the  steps  necessary  to  calculate  the  reia,tionship  among  areas  of  small 
communities  to  correlate  with  population.  This  will  be  necessary  to  de- 
fine the  types  of  errors  present  in  simple  population- are a model  predic- 
tions. It  is  already  known  that  Stig  Nordbeck’s  Law  of  Allometric 
Growth,  which  implies  an  orderly  relationship  between  size  of  an  area 
and  population  of  the  area,  does  not  hold  at  all  well  when  Gemini  space 
photographs  are  used  (personal  communication,  Duane  Marble,  Northwestern 
University).  A preliminary  study  by  Sabol  is  reported  in  the  first 
annual  report  of  U.S.  Geological  Survey  contract  l4-08-0001-10848 

(ref.  8-l).  Sabol’ s study  is  entitled  ’’The  Relationship  Between  Popula- 
tion and  Radar  Derived  Area  of  Urban  Places.”  This  and  related  studies 
at  Northwestern  University  are  fundamental  to  possible  thematic  popula- 
tion mapping.  However,  since  each  culture  is  unique,  the  relationship 
will  also  be  unique  for  each  culture.  Twenty-one  interpreters  were  used 
in  the  study  to  define  the  nature  of  the  errors  in  measurement . 

4.  Landform  studies  using  radar  imagery  have  been  carried  out  em- 
ploying NASA- funded  AN/APQ-9T  imagery  of  the  Wasatch  Range  reported  on 
by  Rex  Peterson.  This  was  supported  mostly  by  project  THEMIS  (U.S.  Army 
Engineer  Topographic  Laboratories  DAAK02-68-C-0089) , though  some  support 
was  also  received  from  U.S.  Geological  Survey  contract  l4-08-0001-10848. 
This  study  is  reported  in  the  annual  report  on  U.S.  Geological  Survey 
contract  l4-08-0001-10848.  In  addition,  a landform  class  identification 
study  was  carried  out  by  David  Schwarz  and  Roland  Mower  utilizing  non- 
NASA-  funded  imagery  in  Puerto  Rico.  Comparisons  were  made  of  this  type 
of  landform  class  maps  with  landform  maps  prepared  by  other  investigators 
employing  detailed  topographic  maps  as  their  information  source. 

5.  Radar  natural-vegetation  studies  have  been  carried  out  exten- 
sively at  Horsefly  Mountain.  These  studies  were  funded  under  a number 

of  NASA  grants  including  U.S.  Geological  Survey  contract  l4-08-0001-10848 
Other  studies  with  multiband  and  color  photographs  have  been  employed  at 
the  Horsefly  Mountain  Test  Site  to  see  what  combinations  of  radar  and 
photography  may  usefully  be  employed  in  plant  community  discrimination, 
using  the  image  discrimination  enhancement  and  combination  system  (IDECS) 

6.  A study  on  the  type  of  soil  reconnaissance  information  available 
in  radar  imagery  in  north-central  Oklahoma  has  also  been  prepared  under 
the  U.S.  Geological  Survey  contract. 

A series  of  studies  at  Garden  City,  Kansas,  on  the  relation 
between  radar  return  and  crop  type,  cover,  state,  et  cetera,  have  also 
been  funded  under  a variety  of  NASA  contracts,  including  U.S.  Geological 
Survey  contract  l4-08-0001-10848  for  the  Geography  Applications  Program. 
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COMPLEMENTARY  AND  SUPPLEMENTARY  ROLES 
FOR  RADAR  AND  PHOTOGRAPHY 


As  a portion  of  this  phase  of  the  study,  computer-derived  maps  com- 
paring the  time  available  to  radar  and  photography  by  month  and  season 
for  selected  stations  in  the  United  States  have  been  generated.  These 
are  now  under  study. 


FIGURES 


Twelve  illustrations  were  used  in  the  presentation.  These  included 
a number  of  color  photographs  pf  central  Australia  in  an  area  covered  by 
a Gemini  photograph.  This  photograph  has  been  studied  by  R.  N.  Colwell 
(Berkeley,  California)  and  Ray  Perry  (CSIRO,  Australia)  during  the  last 
year,  as  well  as  more  recently,  for  different  purposes,  by  the  writer. 
Since  the  central  Australian  photographs  are  still  under  active  study, 
they  are  not  included  in  this  selection.  The  figures  given  here  are 
confined  to  illustrations  of  cultural  target  discrimination,  urban  land 
use,  and  soil  association  studies  with  K-band  radar. 

Figure  8-1  summarizes  for  the  Woodsboro,  Maryland,  area  the  im- 
provement of  K-band  radar  detection  of  point  cultural  targets  (such  as 
farm  buildings)  through  the  use  of  multiple  polarization.  With  a mono- 
chromatic radar  source,  scintillation  is  a handicap  in  the  detection  of 
point  (though  not  area-extensive)  cultural  objects.  As  is  demonstrated 
in  this  figure,  the  addition  of  several  polarizations  materially  im- 
proves the  chance  of  detection  of  such  objects.  As  has  been  demonstra- 
ted earlier  in  studies  at  Garden  City,  Kansas,  at  Horsefly  Mountain,  and 
elsewhere,  multiple  polarization  materially  aids  the  differentiation  of 
various  area-extensive  targets  such  as  natural  and  cultivated  plant  com- 
munities. This  figure  also  demonstrates  that  the  addition  of  multiple- 
polarization  aids  in  detection  of  small  targets  as  well.  In  the  paper 
by  A.  J.  Lewis,  referred  to  previously,  there  are  approximately  40  ta- 
bles involving  statistical  comparisons  on  detection  of  bridges , farm 
houses,  oil  fields,  and  so  forth.  This  figure  illustrates  one  such  com- 
parison. 

Figures  8-2  and  8-3,  showing  the  Lawrence,  Kansas,  area  as  displayed 
in  a K-band  radar  image,  also  indicate  the  transportation  network  and 
land-use  interpretation  derived  from  the  radar  image,  together  with  the 
areas  misinterpreted  in  the  land-use  interpretation.  The  figures  illus- 
trate, on  a small  scale,  the  utility  of  K-band  radar  imagery  on  the 
Westinghouse  AN/APQ-97  system  in  the  delineation  of  transportation  and 
internal  land  use  in  cities.  Comparable  studies  within  the  Chicago 
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metropolitan  area  have  also  been  carried  out  by  geographers  at  North- 
western University.  In  addition,  studies  in  the  Los  Angeles  urbanized 
region  are  being  made  by  groups  at  the  University  of  California,  River- 
side, and  at  the  University  of  California,  Los  Angeles,  All  these  stud- 
ies have  indicated,  as  Eric  G.  Moore  (ref.  8-2)  notes, 

"A  considerable  amount  of  data  relating  to  patterns  of  land  use 
within  the  urban  area  can  be  obtained  utilizing  a K-band  side-looking 
radar.  It  is  evident  that  different  degrees  of  accuracy  are  associated 
with  the  identification  of  different  components  of  urban  structure: 

(l)  The  linear  elements  of  the  transportation  network  are  clearly  de- 
fined with  the  HV  polarization  proving  to  be  more  useful  than  the  HH, 
as  high  returns  from  adjacent  buildings  on  the  latter  prevent  accurate 
interpretation.  (2)  The  gross  patterns  of  industrial,  residential, 
and  open  space  land  use  are  capable  identification,  although  it  is  not 
possible  to  map  the  local  boundaries  of  different  land  uses  in  detail. 

The  main  criterion  for  distinguishing  between  these  land-use  categories 
is  the  variation  in  image  texture.  The  HH  polarization  provides  the 
main  basis  for  interpretation.  (3)  Attempts  to  identify  commercial 
land  proves  to  be  surprisingly  unsuccessful,  the  cardinal  affect  intro- 
ducing considerable  problems  in  the  recognition  process." 

These  conclusions  indicate  that  aircraft  radar  may  usefully  sup- 
plement space  photography  for  intraurban  studies  and  that  moderate- 
resolution  radar  imagery  obtained  in  space  will  aid  in  studies  on 
transportation  and  city  structure. 

Figure  8-4  is  a K-band  radar  image  of  a portion  of  Woods  County, 
Oklahoma.  Through  interpretation  of  this  image,  the  two  soil  associa- 
tion maps  given  in  figures  8-5  and  8-6  were  produced. 

Figure  8-5  shows  soil  associations  normally  distinguishable  on 
K-band  imagery  in  Woods  County,  Oklahoma.  Comparison  between  this  and 
the  preceding  illustration  shows  that  of  the  four  soil  associations 
Shown,  three  — the  Vernon  Badlands,  salt  plains,  and  Lincoln-Yahola 
(flood  plains)  — are  distinguishable  with  relative  ease  on  the  radar 
imagery,  but  item  four  — river  terraces  ■ — is  distinguishable  only  with 
some  difficulty.  The  Vernon  Badlands  association  typically  has  a steeply 
convex  valley  side  plunging  into  a narrow,  almost  flat-floored,  valley. 
The  rough  valley  walls,  clad  variously  in  small  trees , grass , sagebrush, 
and  exposed  gypsum,  are  easily  delineated  on  the  radar  imagery.  The 
salt  plains  association  is  a bare  soil  on  river  wash  with  a distinctive 
light  tone  on  the  radar  image.  The  flat  Lincoln-Yahola  flood  plains 
association  is  covered  with  mixed  grass,  sagebrush,  and  occasional  trees. 
While  the  association  as  a whole  is  easily  mapped,  its  component  soil 
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series  cannot  be  detected.  The  river  terraces  association  usually  can 
be  separated  from  the  flood  plains,  but,  again,  several  soil  series  can- 
not be  noted.  In  other  regions,  we  have  found  it  more  difficult  to  dis- 
tinguish terraces  from  flood  plains,  for  example,  in  the  Kansas  and 
Wakarusa  valleys  near  Lawrence,  Kansas.  The  ability  to  distinguish 
river  terraces  on  radar  imagery  varies  in  relation  to  the  environment; 
the  radar  look  angle,  the  easiest  being  at  low  angles  of  elimination; 
and  the  location  at  which  the  vegetation  differs  on  the  terrace  and 
flood  plains. 

Figure  8-6  shows  four  additional  s.oil  associations  in  Woods  County, 
Oklahoma,  which  could  not  be  distinguished  from  one  another,  although 
collectively  they  could  be  separated  from  the  associations  mapped  in  the 
preceding  figure.  Associations  shown  in  this  illustration  include  soils 
which  would  be  classified  as  Udic  Argustools,  Typic  Ustochrupts,  and 
Haplic  Calciustolls.  The  inability  to  discriminate  between  these  soil 
associations  on  the  radar  image  is  in  many  ways  to  be  expected  in  an 
area  so  completely  given  over  to  cultivation.  Studies  by  Lundien  and 
Simonett  have  already  indicated  that  radar  is  much  less  sensitive  to 
soil  texture  variations  within  a field  than  it  is  to  between-field  dif- 
ferences in  crops.  Field  patterns  are  dominant  on  this  radar  imagery 
and  mask  any  weakly  expressed  soil  information.  Long-wavelength  radar 
systems,  of  course,  remain  to  be  studied.  There  are  some  preliminary 
indications  from  studies  by  L.  F.  Dellwig  that  radar  imagery  of  C-,  L-, 
and  P-bands  may  aid  in  making  distinctions  between  different  soil  types. 


SUMMARY  OF  OBJECTIVES  AT  LAWRENCE,  KANSAS,  TEST  SITE  85 
IN  RELATION  TO  THE  NASA  EARTH 
RESOURCES  AIRCRAFT  PROGRAM 


Imagery  obtained  by  NASA,  or  with  NASA  funds,  is  being  used  as  in- 
put data  in  an  experimental  investigation  of  real-time  image-processing 
devices  known  as  the  IDECS  multi-image  correlation  system  (ref.  8-3) . 
This  system  was  developed  under  NASA  contract  NGR  lT-OOU-003  and  USAETL 
contract  DAAK  02-C-67-0089 , and  work  currently  being  performed  is  under 
the  USAETL  contract.  With  adequate  ground-truth  data  collected  at  the 
time  of  each  imaging  flight,  multispectral  photographic  and  K-band  radar 
imagery  have  been  color  combined  and  have  been  used  to  measure  the  abil- 
ity of  the  multi-image  correlation  system  to  make  a map  based  on  single 
factor  or  multifactor  stratifications.  Such  maps  include  those  showing 
boundaries  of  soils,  natural  vegetation,  agricultural  land  use,  and 
trafficability. 

In  addition  to  the  preceding,  the  following  objectives  also  apply 
at  this  test  site  to  assess  the  geoscience  value  of  imaging  and  scatte^r^ 
ometer  radars. 
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1.  Imaging  radar.  Identification  and/or  detection  of  (a)  natural 
and  cultural  features,  (b)  land-use  patterns,  and  (c)  agricultural  and 
natural  vegetation 

2.  Radar  scatterometer . Correlation  of  agricultural  and  natural 
vegetation  patterns  with  scatterometer  returns  to  determine  to  what  de- 
gree crops  can  be  differentiated  and  to  what  degree  natural  vegetation 
classes  and  bare  ground  can  be  discriminated 

The  other  remote-sensing  instruments  include  the  metric  mapping 
cameras,  the  IR  scanner,  and  the  ultraviolet  (UV)  scanner.  These  are 
requested  to  be  operational  during  each  mission  as  ancillary  instruments 
and  are  generally  given  a third  priority.  Evaluation  of  data  from  these 
systems  is  limited  to  qualitative  determination  of  land  use.  However, 
one  metric  mapping  camera  is  necessary  to  provide  indexing  photography 
for  scatterometer  data.  Data  from  a multiband  camera  are  desirable  for 
use  in  conjunction  with  a multi^image  correlation  study  currently  in 
progress. 


SUMMARY  OF  SCIENTIFIC  ANALYSES  PERFORMED  TO  DATE 


Multiband  photography  and  multipolarizations  of  K-band  radar  have 
been  used  as  input  data  for  the  multi-image  correlation  system  to  pro- 
duce color-combined  images  for  analyses  in  several  areas  within  the 
Lawrence,  Kansas,  Test  Site.  Several  areas  in  and  near  Baldwin,  Kansas 
(located  within  the  test  site),  have  been  investigated  and  analyzed  for 
the  purpose  of  discriminating  agricultural  land  uses  and  urban  versus 
rural  areas.  Color-combined  multiband  images  of  an  area  along  the 
Wakarusa  Area  indicated  areas  of  high  soil  moisture  content  resulting 
from  recent  flooding.  These  same  images,  combined  with  a K-band  radar 
image  of  comparable  scale  from  a flight  approximately  2 years  before  the 
multiband  imaging,  resulted  in  a color-combined  image  which  indicated  a 
change  in  the  river  meander  pattern.  To  date,  only  qualitative  analyses 
have  been  made  of  these  color-combined  images . 

Radar  land-use  and  transportation  maps  of  Lawrence  and  vicinity 
have  been  prepared  by  several  interpreters,  and  the  nature  of  the  areas 
misinterpreted  has  been  discussed  in  Simonett,  et  al.  (ref.  8-1). 


SUMMARY  OF  SClENriFIC  ANALYSIS  TO  BE  PERFORMED 

Current  investigations  using  NASA-funded  multiband  photography  and 
NASA- funded  radar  are  being  concentrated  on  land-use  mapping  of  the 
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Lawrence  urlan  area.  Manipulation  of  the  color-combined  Images  that 
form  these  maps  to  approximate  boundaries  on  land-use  maps  prepared  by 
the  Office  of  the  Lawrence  City  Manager  will  allow  quantitative  measure- 
ments of  the  degree  of  correlation  between  the  land-use  maps  of  Lawrence 
City  and  the  land-use  maps  made  from  color-combined  multiband  photography 
and  color-combined  multipolarization  K-band  radar. 

In  anticipation  of  receiving  13.3-gigahertz  scatterometer  data  from 
mission  a black  and  white  flight-line  aerial  photomosaic  has  been 
prepared  from  color  transparencies,  and  a land-use  and  crop  overlay  has 
been  prepared  from  ground-truth  data  collected  during  the  mission.  The 
area  of  concentrated  study  is  primarily  an  agricultural  area,  although 
there  are  some  natural  vegetation  areas  located  within  the  flight  path, 
and  a city-farmland  boundary  is  present.  Similar  overlays  have  been 
prepared  for  IR  and  UV  data  made  simultaneously  with  the  photography  and 
scatterometry . A qualitative  examination  of  the  UV  and  IR  imagery  has 
been  prepared,  and  tabular  comparisons  have  been  made  with  color  photog- 
raphy . These  will  be  evaluated  quantitatively  in  due  course. 

For  mission  6l  data,  land-use,  vegetation  (agriculture  and  natural), 
geology,  and  soils  overlays  are  being  prepared  from  detailed  ground-truth 
data  collected  by  the  Kansas  Geological  Survey  for  the  color  photography, 
thermal  IR  imagery,  and  UV  imagery.  This  information  will  be  used  in  a 
correlation  study  with  13.3-gigahertz  radar  data  for  one  area  within  the 
test  site.  Also,  it  is  anticipated  that  a brief  qualitative  comparison 
of  the.  photography , IR  imagery,  and  UV  imagery  will  be  performed. 

Since  no  scatterometry  was  obtained  during  mission  any  analysis 
performed  on  the  data  received  (color  IR  photography,  IR  imagery,  UV 
imagery,  and  multiband  photography)  will  be  limited  to  qualitative  anal- 
ysis of  the  imagery » The  IR  imagery  is  poor  and  unusable  because  of 
scanning  distortions,  and  the  UV  imagery  is  poor  and  unusable  because 
of  limited  dynamic  range.  The  color  IR  photography  is  not  of  good  qual- 
ity because  it  is  out  of  focus  along  one  edge,  but  it  is  anticipated 
that  various  overlays  and  comparisons  can  be  prepared. 
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TABLE  8-L.-  SUMf-IARI  OF  DATA  COLLECTED  AHD  OF  WORK  AT  LAWRENCE,  KANSAS,  TEST  SITE  85 
[NASA  MSC  MISSIONS,  PRINCIPAL  INVESTIGATOR,  D,  S.  SIMOKETT] 


Mission 

number 

Date 

flovm 

Data 

Date 

received 

Quality 

Results 

5Vl 

August  t,  1967 

S catterometer 

Not  available 
for  this  mis- 
sion 

Reconofax  IV 
CIR) 

August  17,  1967 

Poor 

No  results  because  of  too  much  distortion 
from  poor  image  quality 

AN/AAS-5 

August  17,  1967 

Poor 

No  results  because  imagery  was  too  dark 

RC-8  (color 
IR  film) 

January  11,  1968 

Fair 

Only  limited  use  because  one  side  of  film 
was  out  of  focus 

Multtband 

August  17,  1967 

Fair 

Lens  2 out  of  focus;  other  frames  used  for 
selected  areas  of  multi-image  color- 
combined  mapping  experiments  on  the  IDECS 

61/L 

November  15,  1967 

Scatterometer 

N/R 

Reconofax  IV 
(tr) 

December  1,  I967 

Good 

Use  awaits  receipt  of  scatterometry  data 

. 

AN/AAS-5 
RC-8  (color) 

December  1,  1967 
December  11,  I967 

Good 

Excellent 

Multiband 

December  1,  1967 

Good 

Has  been  used  for  multi-image  color-combined 
studies  of  soil  moisture  and  agricultural 
land  use  along  selected  areas  of  the 
Wakarusa  River  with  the  IDECS 

T4/2 

June  18,  1968 

Scatterometer 

N/R 

Reconofax  IV 
(IR) 

AN/AAS-5 

July  9,  1968 
July  9,  1968 

Good 

Good 

Use  awaits  receipt  of  scatterometry  data 

RC-8  (color) 

July  3j  1968 

Excellent 

Will  be  used  for  indexing  and  comparison 

Multiband 

Camera  unavail- 
able 

Westlngbouse 
AN/APQ-97 
radar  mis- 
sions 

September  l4,  I965 

M/APQl-91 

imaging 

radar 

October  2 , I965 

Very  good 

These  data  used  to  prepare  radar  land-use 
maps  of  Lawrence  and  vicinity 

September  15,"  1965 

AH/APQ-97 

imaging 

radar 

October  2,  I965 

Very  good 

•»* 
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TABLE  8-II.-  SUMMARY  OF  LATA  OBTAINED  AND  USED  FROM  MSG  MISSIONS 
ALONG  THE  OREGON  COAST  (TEST  SITE  7)^ 


Mission 

number 

Date 

flown 

Data 

Date 

received 

Quality 

13 

September  24,  I965 

Black  and  white, 
duplicate  positive 
transparency 

September  I967 

Good,  out  doesn’t  cover  entire 
coast  because  of  clouds  south 
of  Umpqua  River 

42 

March  7,  1967 

Black  and  white, 
duplicate  positive 
transparencies 

July  1967 

Fair,  however,  coverage  is 

spotty  because  of  cloud  cover 

^he  photographic  transparencies  from  missions  13  and  h2  were  used  to  supplement  the  radar  image 
coverage  of  the  Oregon  Coast  flown  by  Westinghouse  in  I965.  It  was  used  in  preliminary  field  studies 
on  coastal  geomorphology  by  A.  J,  Lewis  of  the  Qenter  for  Research  in  Engineering  Science  (CRES).  CRES 
was  not  on  the  original  recipient  list  for  either  mission  13  or  mission  h2,  test  site  ?.  The  data- re- 
ceived for  test  site  7 were  requested  after  the  mission  was  completed,  although  CRES  did  support  mis- 
(ref ' 8 4^  scheduling  meeting.  In  both  cases,  the  films  were  from  trial  or  experimental  overflights 
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Woodsboro,  Maryland 


% HH  and  HV 

^ VV  and  VH 

Q VH  or  HV 

^ Not  detected 

^ Detected  on  3 or 
more  polarizations 

0 1 mile 

CRES 

University 
of  Kansas 


Figure  8—1,—  Multiple— polarization  identification  of  farm  buildings  on  radar  images. 
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K-BAND  RADAR  IMAGE 

LAWRENCE,  KANSAS  SEPTEMBER.  196S 


TRANSPORTATION  NETWORK 


Mtghway  O 


Riv*r 


K-band  radar  image  and  transportation  network  of  Lawrence,  Kansas 

September  196 5 . 
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□ Rural-Urban  Fringe 
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Urban  land  use  as  determined  from  the 
radar  image.  Thirty-three  areas  have 
been  separated  on  the  basis  of  tone, 
texture , and  proximity  to  transport 
facilities  and  other  relative  location 
aspects.  Six  areas  are  misinterpreted 
(fig.  8- 3b). 


Figure  8-3.-  Land-use 


Figure  8-U.-  K-band  radar  image  of  a portion  of  Woods  County,  Oklahoma. 
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Figure  8-6.-  Soil  associations  which  cannot  be 
separated  on  K-band  imagery.  Woods  County, 
Oklahoma . 
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APPENDIX  8A 


MULTISITE  STUDY  OF  THE  UTILITY  OF  POLYPOLARIZATION 
RADAR  IN  THE  DETECTION  AND  IDENTIFICATION 
OF  SELECTED  CULTURAL  FEATURES 

SUMMARY  OF  DATA  USED  IN  THE  STUDY 

NASA- funded  Westinghouse  K-Land  radar  imagery  of  nine  different 
geographic  areas  was  used  in  the  study.  The  areas  studied  are  as 
follows : 

1.  Frederick  County,  Maryland 


2.  Rural  area  outside  of  Dayton,  Ohio 

3.  Lawrence,  Kansas 

4.  San  Diego,  California 

5.  Bountiful,  Utah 

6.  Superior,  Wisconsin 

7.  Wichita,  Kansas 

8 . Bani  da , Idaho  ■ 

9.  Monticello,  Utah 

SUMMARY  OF  CRES  OBJECTIVES  IN  RELATION  TO  NASA 
EARTH  RESOURCES  AIRCRAFT  PROGRAM 


The  purpose  of  this  study  was  to  evaluate  empirically  and  statisti- 
cally the  polarization  components  of  K-^hand  radar  imagery  for  the  detec- 
tion of  selected  cultural  features,  especially  rural,  urban,  and 
agricultural  patterns,  and  transportation  and  communication  nets.  The 
study  was  funded  under  NASA  contract  NSR  17-004-003,  and  U.S.  Geological 
Survey  contract  l4-08-0001- 10848. 
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SUMMARY  OF  SCIENTIFIC  ANALYSES  PERFORMED  TO  DATE 


Methodology 

Both  quantitative  and  qualitative  methods  vere  used  in  the  study. 
Quantitative  evaluations  were  made  on  the  basis  of  data  collected  in  ex- 
periments with  over  70  interpreters,  as  well  as  through  the  comparison 
of  field  data  and  the  radar  imagery.  Qualitative  evaluations  were  made,  , “ 

based  on  personal  experience,  maps,  and  field  work, 

Evaluation  of  various  polarization  schemes  for  discriminating  agri- 
cultural patterns  was  qualitative.  However,  previous  quantitative  work 
by  CRES  personnel  in  Garden  City  provided  the  basis  for  evaluation. 

Detection  of  spots  of  high-intensity  return  (taken  to  be  cultural 
targets,  primarily  bui3,dings  and  powerlines ) in  selected  geographical 
areas  was  evaluated  by  several  experienced  radar  interpreters  who  located 
and  comted  these  point  high  returns  on  radar  imagery  of  the  same  area 
with  different  polarizations.  The  total  and  average  count  point  high 
return  for  each  polarization  was 'used  for  tentative  evaluation  of  the 
four  polarizations.  Standard  deviations  were  computed  to  test  the  varia- 
tion around  the  mean.  Roof-construction  material  and  orientation  was 
correlated  with  radar  return  of  different  polarization  schemes,  and  the 
results  were  tabulated. 

The  bulk  of  the  study  was  based  on  the  observations  of  68  inter- 
preters using  radar  imagery  of  four  geographic  areas  and  two  different 
polarizations.  Results  of  the  experiment  were  compiled,  and  an  analysis 
ol  variance  was  computed  to  test  for  significant  differences  In  the 
detection  of  cultural  features  between  two  polarizations  (HH  and  HV). 


Results 

Visible  variations  between  polarizations  in  agricultural  areas 
suggest  that  differences  in  crop  types  and/or  field  conditions  not 
available  on  any  one  polarization  may,  in  some  instances , be  discrim- 
inated using  multiple-polarized  imagery.  In  regions  devoted  mainly  to 
grazing,  the  cross— polarized  imagery  was  judged  better  for  detecting 
pasture  and  field  boundaries. 

The  studies  involving  the  high-intensity  spot  detection  and  compari- 
son of  roof  material  and  orientation  with  polarization  both  revealed  that 
the  cross-polarized  imagery  (HV)  was  best  for  the  total  detection  of 

9 However,  buildings  not  detected  on  the  cross— polarized  imsigery 
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■were  frequently  detected  on  the  other  polarizations  used.  Tentatively, 
the  polariza-tion  was  categorized  as  follows: 

1.  HV  — highest  detection  capability 

2.  HH  and  VH  — intermediate  detection  capability 

3.  VY  lowest  detection  capability. 

Statistical  analysis  of  the  student  interpretation  employing  HH  and 
HV  imagery  revealed  the  following: 

1.  At  the  99*9-percent  confidence  level,  the  like-polarized  (HH) 
imagery  was  better  for  detecting  (a)  vegetated  residential  areas  and 
parks  versus  nonvegetated  urban  areas,  (b)  powerlines  and  railroads 
when  alined  parallel  to  the  flight  path  or  crossing  water  bodies,  and 
(c)  bridges  and  channel  markers. 

2.  At  the  99.9~percent  confidence  level,  the  cross-polarized  (HV) 
imagery  was  better  for  detecting  powerlines  and  railroads  when  at  an 
angle  (other  than  parallel)  to  the  flight  path  or  traversing  land, 

3.  At  the  95-percent  confidence  level,  the  like-polarized  imagery 
was  better  for  detecting  the  central  business  district. 

4.  Detection  of  airports  and  roads  did  not  prove  to  be  signif- 
icantly different  on  either  the  HH  or  HV  polarizations. 

5.  Gross-polarized  radar  imagery  was  better  for  detecting  railroad 
nets.  However,  the  degree  of  confidence  varied  from  99«9-percent  to 
less  than  95-pe27cent,  depending  on  the  area  studied. 


Conclusion 

Multiple-polarized  radar  imagery  provides  the  geoscientist  with  in- 
formation relating  to  the  complex  physical  properties  of  the  target 
which  may  not  be  otherwise  available  with  a single-polarized  system. 

More  specifically,  several  of  the  applications  in  the  sensing  of  cultural 
features  are  (l)  helping  to  discriminate  between  residential  and  business 
or  industrial  districts,  (2)  increasing  the  ability  to  plot  more  complete 
transportation  and  communication  nets,  (3)  providing  the  observer  with 
additional  information  concerning  the  rural  setting  or  location  and 
number  of  farmsteads,  and  (4)  separating  fields  of  different  crops  or 
crop  states . 


SUMMARY  OF  SCIENTIFIC  ANALYSIS  TO  BE  PERFORMED 


More  testing  remains  to  Be  done  with  other  cultural  targets  not 
studied  in  this  report,  as  well  as  with  several  in  this  report  for  which 
the  sample  size  was  small.  Variations^  among  geographical  areas  and 
among  radar  frequencies  in  polarizatiori  sensitivity  also  need  to  be 
tested. 

Rapid  data  acquisition  from  spacecraft,  in  both  time  and  space,  all 
but  necessitates  the  use  of  target-enhancement  methods  that  will  facili- 
tate interpretation  of  targets  either  by  automatic  recognition  or  by 
visual  inspection.  Level  selection,  photographically  or  electronically, 
lends  itself  to  detection  of  cultural  features  which  are  characteris- 
tically high-energy  returns.  A logical  extension  of  this  study  is, 
therefore,  level  slicing  in  order  to  effectively  eliminate  all  but 
the  high-energy  return,  then  testing  the  use  of  automatic  recognition 
and  the  accuracy  of  cultural  target  discrimination.  Optical  and  elec- 
tronic combining  of  radar  imagery  of  different  frequencies  and  polar- 
izations is  also  planned.  The  technique  of  image  combination  provides 
a means  of  discriminating  the  similarities  and  differences  on  several 
images  without  a time-consuming  point-by— point  comparison. 
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INSTRUMENTATION  OP  IMAGE  ANALYSIS  AND 
TELEVISION  SIMULATION  TECHNIQUES 
By  James  P.  Latham 

Department  of  Geography,  Florida  Atlantic  University 


INTRODUCTION 


The  Remote  Sensing  Lahoratory  of  the  Department  of  Geography  at 
Florida  Atlantic  University  is  investigating  concepts  and  electronic 
systems  which  discriminate  and  analyze  geographic  phenomena  in  imagery 
resulting  from  aerial  and  space  sensor  operations.  Present  activities 
are  generally  focused  on  one  of  three  principal  objectives: 

1.  The  acquisition,  evaluation,  and  interpretation  of  multisensor 
imagery  which  by  time-series  observations  record  the  dynamic  seasonal 
changes  of  the  physical  and  cioltural  adaptations  within  the  tropical 

and  monsoonal  test  site  extending  from  Boca  Raton  to  Belle  Glade,  Florida 

2.  The  further  development  and  testing  of  electronic  instrumenta- 

tion techniques  that  discriminate  and  sample  or  measure  the  geographic 
distribution  of  phenomena  recorded  in  imagery  and  that  can  thereby  pro- 
vide some  techniques  for  the  automatic  interpretation  which  must  be 
part  of  a complete  geographic  information  system  . 

3.  The  simulation  of  orbital  television  observation  of  the  sur- 
face of  the  earth,  in  order  to  study  how  scale  and  scan-line  rate  changes 
affect  the  interpretation  of  geographic  patterns  in  scan-line  imagery 


RESULTS  ACQUIRED  FROM  THE  USE  OF  DATA 
FROM  NASA  AIRCRAFT 

Test  site  l6i;:  Boca  Raton  to  Belle  Glade,  Florida 

Investigator:  James  P*  Latham,  Remote  Sensing  Laboratories,  Florida 

Atlantic  University,  Boca  Raton,  Florida 
Missions: 

1.  Mission  66,  February  5-69  1968 

2.  Mission  799  September  11,  I968 
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OlDjectives; 

1.  Evaluation  and  interpretation  of  multi sens or  imagery,  "which  hy 
seasonally  differentiated  observations  records  the  significant'  changes 
in  the'  geographic  pa'tterns  of  resources  and  land  use  in  a tropical  and 
monsoonal  environment  in  order  to  establish  interpretation  techniques 
and  sensor  choices  that  increase  efficiency  and  effectiveness  in  collec- 
tion and  analysis  of  aerial  or  space  imagery  in  such  regions 

2.  To  develop  and  evaluate  instrumentation  concepts  and  techniques 
for  detecting,  measuring,  and  integrating  the  data  in  photographic  or 
scan-line  imagery  of  an  area  in  order  to  categorize  land  use  and  other- 
wise contribute  to  the  possibilities  of  automatic  interpretation 

Results:  Since  mission  T9  (the  second  mission)  has  just  been  flown, 

its  data  are  not  yet  available  to  provide  the  investigator’s  first  oppor- 
tunity for  comparison  of  seasonal  variations.  It  is  expected  to  illus- 
trate one  problem  of  collection  in  this  tropical  environment,  since 
cloud  cover  provided  sensor  restraints.  Investigation  of  the  color, 
color  infrared  (IR) , and  thermal  imagery  will  evaluate  effectiveness 
and  limitations  of  this  imagery  in  relation  to  previous  mission  imagery, 
as  well  as  evaluating  seasonal  changes  in  land  use  and  resources. 


Imagery  secured  from  mission  66  (winter  season  mission)  on  Feb- 
ruary 5-6,  1968,  varies  in  quality  from  excellent  to  fair,  with  climate 
restraints  providing  expected  limitations,  since  Convair  aircraft  could 
not  complete  the  mission  in  favorable  ho'urs.  Hence,  typical  afternoon 
convectional  clouds  of  tropical  environment  caused  ’’spotty”  variations 
in  imagery,  particularly  for  light-sensitive  color  IR.  However,  very 
useful  data  were  obtained  for  most  of  the  test  site,  particularly  at 
the  5000-foot  altitude.  ' Only  partial  coverage  was  secured  at  15  000  feet 
because  of  developing  cloud  cover  and  operational  time  constraints. 
Imagery  includes  color,  color  IR,  Plus-X,  and  thermal  modes. 

In  combination,  color  and  color  IR  imagery  proved  most  useful  for 
discriminating  land-use  patterns.  Color  was  very  useful  for  detecting 
general  patterns  and  most  cultural  phenomena,  but  color  IR  was  especially 
helpful  in  revealing  waterway  and  coastal  features  so  significant  in 
this  environment.  Color  IR  imagery  was  also  valuable  in  revealing  vege- 
tative boundaries  in  both  agricultural  and  undeveloped  surfaces.  Plus-X 
imagery  was  principally  used  to  provide  better  definition  in  shaded 
areas  and  to  provide  land-use  patterns  for  experiments  in  the  instru- 
mented land-use  categorization  experiments. 

As  the  cloud  cover  in  figure  9-1  suggests,  the  Boca  Raton  to  Belle 
Glade  Test  Site  includes  a variety  of  landscape  types  in  the  most  humid 
tropical  and  monsoonal  region  of  the  continental  United  States.  The 
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flight  path  from  Fort  Lauderdale  to  Palm  Beach  contains  two  ports,  the 
Intracoastal  Waterway  and  its  frequent  inlet  connections  to  the  Atlantic, 
the  adjacent  waterway  or  heach  homes  and  resort  facilities,  some  industry 
and  institutional  land  use,  railroads  and  highways,  and  still  prevailing 
patches  of  undeveloped  marshlands  or  palmetto-pine  vegetation,  as  sug- 
gested by  the  view  of  the  northern  half  of  the  flight  path  seen  in 
figure  9-2.  Boca  Raton  is  a rapidly  expanding  city  with  a population  of 
25  000,  economically  based  on  affluent  seasonal  residents  and  visitors, 
middle-income  retirement,  educational  institutions,  IBM  manufacturing, 
and  abandoned  winter  vegetable  farms  which  have  become  speculative  urban 
lands . 

The  flight  path  from  Boca  Raton  to  Belle  Glade,  illustrated  by- 
figure  9-3,  centers  on  the  Hillsboro  Canal,  a part  of  the  Central  and 
South  Florida  Flood  Control  District , and  passes  over  some  undeveloped 
pine  flatwoods  and  everglades  terrain.  The  interior  Belle  Glade  area, 
pointed  out  in  the  map  sheet  in  figuf'e  9-4,  contains  one  of  our  four 
ground  survey  sampling  areas,  as  partially  illustrated  by  the  color  IR 
photograph  in  figure  9-5.  The  cooperating  Belle  Glade  Agricultural 
Experiment  Station  also  provides  a zone  of  precise  "ground  truth"  data, 
and  the  sketch  map  in  figure  9-6  illustrates  with  some  field  notes  the 
nature  Of  the  Belle  Glade  ground  survey  sampling  area  which  includes 
the  photographed  land-use  patterns. 

We  have  completed  the  second  of  an  initial  series  of  four  over- 
flights that  are  required  to  adequately  sample  this  seasonally  changing 
environment,  which  can  follow  90  days  of  drought  with  90  days  of  rain 
and  vary  from  frantic  agricultural  harvesting  and  processing  to  closed 
cane  mills  and  packing  sheds  and  from  empty  hurricane- shuttered  build- 
ings to  packed  homes  and  hotels.  Land  use,  vegetative  conditions,  and 
transportation  flows  all  vary  with  these  changes,  and  so  do  some  factors 
affecting  remote-sensing  and  interpretation  requirements.  As  seasonally 
spaced  overflights  continue,  they  will  provide  the  data  for  analyzing 
remote-sensing  and  interpretation  requirements  in  such  humid  tropical 
regions  of  monsoonal  character. 

With  a growing  data  bank  of  multisensor  coverage  from  aerial  and 
space  imagery,  the  Florida  Atlantic  Investigators  are  selecting  examples 
of  the  surface  patterns  for  evaluation  by  electronic  scanning  and 
computer-assisted  imagery-analysis  systems.  As  illustrated  by  fig- 
ure 9— T 9 scan— line  traverses  across  images  are  converted  by  waveform 
analysis  to  signals  which  indicate,  by  amplitude  fluctuations,  the  gray- 
tone  value  of  the  densities  in  the  image  along  the  traverse.  The  ana- 
lyzer is  adjusted  to  express  the  value  in  terms  of  a percentage,  by 
adjusting  the  gain  to  yield  a peak  value  of  100  for  the  brightest  spot 
in  the  image  and  a value  of  zero  for  the  blackest  spot.  Details  of  the 
waveform  fluctuations  are  measurable  from  5><  or  magnifications. 


With  gray-tone  values  measured  as  percentages  by  the  amplitude  fluctua- 
tions , two  advantages  are  present : 

1.  When  photoimages  of  different  density  q_ualities  (because  of 
variations  in  such  factors  as  processing  procedures  or  lens  settings) 
are  being  analyzed,  the  fact  that  values  are  being  determined  by  their 
percentage  of  the  density  range  in  each  particular  image  (rather  than 

an  absolute  density  or  gray-tone  value)  tends  to  provide  a common  denom- 
inator between  images  which  reduces  the  significance  of  the  q^uality  dif- 
ferences in  images,  A phenomenon  does  not  have  to  produce  an  absolute 
density  value  for  comparability.  It  only  must  retain  its  relative  tonal 
value . 

2.  When  images  from  different  sensor  systems  are  compared,  and 
consequently  the  gray  tones  of  each  image  represent  very  different 
portions  of  the  spectrum,  the  fact  that  we  are  measuring  the  values  as 
percentages  of  return  for  the  particular  parameters  of  the  sensor  pro- 
vides a possible  basis  for  comparing  and  integrating  the  data. 

The  effectiveness  of  this  percent age-value  method  for  analyzing 
imagery  has  been  tested  in  an  initial  experiment  in  the  applicability 
of  waveform  analysis  and  computer  systems  for  land-use  categorization. 
Wendell  Beckwith,  a geography  student  and  a computer  expert,  was  chal- 
lenged to  utilize  the  percentage  values  as  quantified  samples  from  land- 
use  categories  observed  in  imagery. 

As  figure  9-8  illustrates,  l6  photographic  examples  of  land-use 
types  in  the  Boca  Raton  Test  Site  were  selected,  A systematic  matrix 
of  11-by-ll  density  percentage  values  was  then  extracted  by  waveform 
analysis  from  a block  of  area  in  the  approximate  center  of  the  photo- 
graph, as  indicated  in  the  three  last  examples . Figure  9-9  shows  the 
matrix  of  values  for  catalog  types  as  placed  in  the  computer  and  shows 
how  each  line  was  computed  to  yield  four  measures:  average,  range, 

oscillation,  and  texture.  The  array  was  also  rotated  and  the  second 
set  of  measures  calculated. 

With  the  l6  catalog  types  now  stored  in  the  computer,  three  other 
photographed  areas  were  selected  as  "unknowns"  to  test  the  ability  of 
the  computer  to  classify  areas.  Fig\n’e  9-10  illustrates  these  unknowns 
and  shows  that  a 19-by-19  array  is  sampled  from  the  center  of  the  un- 
known. The  manner  in  which  the  gray— tone  percentage  values  are  directly 
related  to  location  of  general  features  can  be  seen  .in  the  outlined 
values  for  schematic  3 shown  below  the  photo.  To  the  right,  one  sees 
how  movement  of  the  11-by-ll  matrix  of  catalog  types  within  the  19-by-19 
array  from  the  unknown  yielded  probable  identifications  with  similar 
catalog  types  and  correctly  included  catalog  5 3-s  the  best  match  for 
the  center  area  of  the  unknown.  The  flow  chart  in  figure  9-11 
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illustrates  the  method  of  unknown  identification,  which  has  proved  sig- 
nificantly useful  in  this  preliminary  experiment. 

Simulation  of  orbital  television  observation  of  the  surface  of 
the  earth  in  order  to  study  interpretation  of  geographic  patterns  in 
scan-line  imagery  has  been  achieved  with  the  equipment  illustrated'  in 
figures  9-12  and  9-13.  Gemini  color  photography  is  projected  upon  a 
specially  designed  rear-projection  polacoat  screen  and  is  scanned  by  a 
COHU  3200  series  television  camera  which  utilizes  a choice  of  signal 
generation  boards  to  change  the  scan- line  rates  to  yield  525-,  729- , 

873-,  or  9^5-line  resolution.  As  illustrated,  the  television  camera 
used  opens  at  the  back  and  is  converted  from  one  scan-line  rate  to 
another  by  changing  one  or  more  of  the  modular  plug-in  panels  which  con- 
tain the  appropriate  electronic  circuits.  When  calibrating  the  camera 
to  maximize  pattern  detail  and  resolution  at  the  new  scan-line  rate, 
additional  refinement  is  achieved  by  manual  adjustments  of  such  param- 
eters as  gain,  blanking,  target  threshold,  and  aperture.  Although  this 
multiscan  rate  camera  does  not  yield  the  complete  scan-line  resolution 
improvements  that  are  achievable  in  instruments  specifically  designed 
for  higher  scan-line  rates  (e.g.  , the  RCA  5000  Line  Return  Beam  Vidi- 
con  system  which  requires  laser  printing  of  its  high-resolution  tele- 
vision scan  lines),  this  laboratory  tool  does  yield  monitor  images 
which  improve  resolution  in  geographic  patterns  as  scan-line  rates  are 
increased,  for  interpretation  studies.  Curtis  Norling,  Chief  Television 
Engineer  of  the  University,  provides  technical  control  and  supervision. 

It  is  also  possible  to  simulate  other  observation  variations,  such 
as  those  that  could  result  from  optical  or  orbital  altitude  alternatives, 
by  changing  the  size  of  the  projected  image  or  the  distance  from  which 
it  is  viewed  by  the  camera.  Of  course,  this  does  not  change  the  origi- 
nal resolution  of  the  Gemini  transparency  being  projected,  but  such 
film  resolution  is  much  greater  than  that  achievable  in  our  scan-line 
rates  and  hence  provides  little. limitation  on  our  experiments.  Alter- 
nate lens  sytems  are  also  available  for  both  our  projector  and  our 
television  camera. 

Figure  9-13  indicates  that  signals  from  the  camera  are  directed 
through  a modified  Tektronix  529  Waveform  Analyzer  which  can  be  ad- 
justed to  handle  any  of  the  scan-line  rates  and  to  then  pass  to  the 
proper  monitor  for  the  line  rate.  The  image  resulting  is  photographed 
for  interpretation. 

Over  40  interpretation  experiments  have  been  carried  out  to  estab- 
lish changes  in  the  interpret ability  of  geographic  patterns  which  occur 
when  different  orbital  television  sensing  systems  are  simulated.  To 
minimize  and  test  int erpretation  bias  resulting  from  the  differences 
among  interpreters,  three  interpreters  were  used.  The  following  two 


interpreters  were  geographers : Clark  Cross  who  is  particularly  experi- 

enced with  forestry  photointerpretation,  and  Richard  Witmer,  a physical 
geographer  with  interest  in  remote  sensing.  The  third  interpreter,  our 
research  associate  William  Kuyper,  has  completed  23  years  of  photo- 
interpretation and  research  with  the  Air  Force.  Each  interpreter  was 
expected  to  have  a general  knowledge  of  the  nature  of  the  region  hut 
was  also  expected  to  avoid  applying  any  specific  knowledge  not  clearly 
discernible  in  the  image.  In  each  experiment,  the  smaller  scale  or 
grosser  scan-line  pattern  was  interpreted  before  viewing  the  next  higher 
level  of  image  refinement. 

The  patterns  separately  interpreted  included  transportation  routes, 
land  use,  and  physical  regions.  Areas,  imagery  scale,  and  scan-line 
patterns  were  varied.  As  an  example  of  the  results  obtained,  two  sets 
of  variable-scale  experiments  are  herewith  illustrated. 

Figure  9-l4  displays  transportation  patterns  observable  for  east- 
central  Florida  with  529  scan  lines  in  a device  orbiting  with  an  alti- 
tude and  optical  system  combination  which  yields  an  image  scale  of 
1:1  000  000  on  the  l4-inch  television  monitor.  The  test  area  at  this 
scale  is  of  course  a small  part  of  the  monitor  image.  The  improvement 
resulting  in  figure  9-15  when  the  simulated  orbital-optical  combination 
yields  a scale  of  1:500  000  is  then  seen.  Please  note  that  the  "ref- 
erence scale"  is  approximate  for  only  the  central  image  area  as  dis- 
played on  the  monitor.  At  a scale  of  1:250  000  in  figure  9-l6,  little 
detail  seems  to  be  added,  but  there  is  an  increase  in  agreement  among 
the  interpreters.  When  orbital- optical  combination  yields  an  image 
•scale  of  1:131  250  on  the  525-lint2  system,  as  in  figure  9-17,  there  is 
a substantial  increase  in  the  routes  observed  by  interpreters,  and  all 
interpreters  now  agree  on  some  routes  not  previously  seen  by  anyone. 

At  this  same  reference  scale  of  1:131  250,  figure  9-18- demonstrates 
that  some  improvement  in  the  detection  of  transportation  routes  results 
from  increasing  the  scan-line  rate  to  94-5  lines.  The  significant  in- 
crease, however,  seems  to  be  the  revealing  of  routes  which  are  at  some 
distance  from  the  image  center  and  which  are  consegueutly  of  smaller 
size  because  of  distance  perspective.  Apparently  the  525  rate  was  ade- 
quate at  this  scale  for  locating  most  transport  routes  in  the  central 
area  directly  below  and  closest  to  the  sensor.  There  is  also  a definite 
detailing  now  by  all  interpreters  of  the  broad  path  of  the  major  con- 
struction project. 

Land  use  in  the  east-central  Florida  area  was  interpreted  by  a'' 
similar  set  of  experiments.  This  particular  set  illustrates  the  pat- 
terns delineated  by  one  interpreter  at  each  of  the  four  scales  resulting 
from  simulated  orbital— optical  combinations  when  a 945  scan— line  system 
is  used.  Figure  9-19  indicates  that,  since  at  this  small  scale  the  test 
area  spans  only  a few  scan  lines  on  the  monitor,  the  generalization  of 
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surface-pattern  changes  causes  the  high  returns  of  urban  areas  and  major 
route  construction  to  look  alike  and  contribute  some  confusion.  This 
distortion  is  reduced  in  figure  9-20,  and  the  scale  of  1:500  000  yields 
meaningful  but  limited  patterns.  At  the  scale  of  1:250  000  used  in 
figure  9-21,  additional  categories  of  land  use  are  delineated  in  an 
interpretation  that  generalizes  zonal  shapes  and  size,  but  also  reveals 
greater  aspects  of  the  orientation  of  land-use  patterns.  At  the  refer- 
ence scale  of  1:125  000,  figure  9-22  presents  an  effectively  delineated 
and  quite  detailed  pattern  of  land-use  categories.  Various  levels  of 
both  urban  and  rural  use  can  be  mapped.  The  orientation  aspects  of  the 
patterns  are  clearly  discernible,  and  the  spatial  interrelationships  of 
areas  are  seen. 

After  the  land-use  patterns  observable  in  this  simulated  orbital 
television  image  had  been  finalized  in  the  map  shown  in  figure  9-22, 
land-use  maps  of  the  sarre  region  compiled  from  detailed  land  surveys  by 
the  East  Central  Florida  Planning  Council  were  secured  and  compared  with 
the  results  we  obtained.  When  maps  comparable  in  scale  with  our  tele- 
vision image  "reference  scale"  were  studied,  they  were  very  similar, 
even  though  they  had  been  compiled  from  larger  scaled  detailed  maps 
based  on  ground  surveys  and  large-scale  aerial  photography.  Differences 
in  urban  patterns  were  sometimes  resolved  in  favor  of  the  space  televi- 
sion interpretation,  but  boundaries  between  classes  of  rural  land  use 
were  not  as  firm  in  our  imagery,  probably  because  of  the  lesser  contrast 
in  border  zones . 

Future  investigations  of  the  Florida  Atlantic  Remote  Sensing  Labor- 
atories will  study  the  interpretation  of  geographic  patterns  in  images 
simulating  observation  of  the  earth  with  the  new  5000  or  better  line 
scanning  systems,  as  they  are  made  available  by  the  U.S.  Geological  Sur- 
vey/NASA program.  Instrumentation  techniques  for  analyzing  both  aerial 
and  space  imagery  of  the  test  site  will  continue  to  be  refined.  Detailed 
studies  of  the  multispectral  imagery  of  test  site  l64  will  be  directed 
toward  establishing  the  significant  environmental  changes  in  a monsoonal 
tropical  area  that  can  be  observed,  measured,  and  perhaps  predicted  with 
the  help  of  multispectral  imagery.  Higher  altitude  and  space  imagery 
will  be  utilized  as  it  becomes  available. 


ocated  at  Boca  Rato: 
is  image  taken  by  G 


Figure  9-^«-  Test  site  l6U  located  on  West  Palm  Beach  map  sheet 
interior  Belle  Glade  and  coastal  Boca  Raton  indicated. 
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Figure  9-5*-  Sugar  cane,  cattle  grazing,  and  settlement  patterns  recorded  originally  by 
color  IR  in  Belle  Glade  Field  Survey  Site  of  test  site  l61+. 
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Figure  9-T.-  Monitor  and  waveform  analyzer  equipment  utilized  for  image 
control  and  for  sampling  image  density  or  gray-tone  percentage  values 
used  in  land-use  categorization. 
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Figure  9-8.-  Selected  land-use  categories  as  cataloged  for  computer 

identification  experiment. 
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Figure  9-9.-  Sampled  percentage  values  in  matrix  form  for  computer  proc- 
essing and  values  calculated  for  identification  of  each  category. 
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Figure  9-10.-  Land-use  types  selected  as  "unknowns"  for  computer  iden- 
tification and  schematic  illustrations  of  relation  to  terrain  features 
and  matrix  matching  process. 
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Figure  9-11.-  Flow  chart  for  computer  processing  to  identify  unknowns 
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Figiire  9-15  •-  East-central  Florida  transportfiticn  patterns 
reference  scale  of  1:500  000. 
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reference  scale  of  1:131  250. 
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Figure  9”19»~  East-central  Florida  land-use  patterns, 
reference  scale  of  1:1  000  000. 
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Figure  9-20.-  East-central  Florida  land-use  patterns 
reference  scale  of  1:500  000. 
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Figure  9-21.-  East-central  Florida  land-use  patterns, 
reference  scale  of  1:250  000. 
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INFRARED  SURVEY  OF  THE  PISGAH  CRATER  AREA, 

SAN  BERNARDINO  COUNTY,  CALIFORNIA: 

A GEOLOGIC  INTERPRETATION* 

By  Stephen  J.  Gawarecki 
U.S.  Geological  Survey,  Washington,  D.C. 


ABSTRACT, 


Infrared  imagery  in  the  8vt  to  hand  of  the  Pisgah  Crater  area, 
California,  has  provided  useful  geologic  information  to  complement  data 
obtained  from  ground  studies  and  from  aerial  photography.  Thermal  con- 
trasts representative  of  those  found  through  the  diurnal  cycle  were 
acquired  during  three  of  six  flight  periods:  at  about  20:00  hours  (post- 

sunset), 04:00  hours  (presunrise),  and  12:00  hours  (midday).  The  largest 
amount  of  information  on  geologic  thermal  parameters  from  a single  imag- 
ing period  was  obtained  from  the  imagery  flown  shortly  after  sunset. 

Among  the  geologic  features  shown  on  the  imagery  of  one or  more 
flight  periods  were  basalt  flow  contacts  where  the  I adjacent  flows  dif- 
fered in  surface  character,  distribution 0f  pyroclastics  and  their 
alluvial  derivatives  on  the  flows , collapsed  lava  tubes,  fissured  areas, 
detail  of  the  Pisgah  fault,  zonatioh  within  Lavic  Dry  Lake , active 
drainage  on  an  alluvial  fan,  and  moist  areas  suggestive  of  ground-water 
conditions.  Most  of  these  features  are  either  imique  in  infrared  imagery 
or  are  superior  in  infrared  presentation  to  images  obtained  from  other 
remote-sensing  systems . 

The  integration  o-^  data  from  infrared-scanning  systems i with  data 
acquired  simultaneously  with  other  sensors  should  greatly  expand  the 
interpreter's  capability  by  providing  many  unique  physical-property  com- 
binations for  the  identification  of  geologic  features. 


*Work  performed  under  NASA  Contract  No.  R-lt6. 
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INTRODUCTION 


General  Statement 

The  infrared  (IR)  survey  of  the  Pisgah  Crater  area,  San  Bernardino 
County,  California,  was  undertaken  primarily  to  establish  parameters  by 
which  rock  types,  structures,  and  textures  peculiar  to  this  locale 
could  be  recognized  or  differentiated.  A secondary  purpose  was  to  pro- 
vide an  adequate  evaluation  and  calibration  of  airborne  and  ground- 
based  instruments  used  in  the  survey. 

Pisgah  Crater  and  its  vicinity  were  chosen  as  one  of  the  fundamen- 
tal test  sites  for  the  NASA  Remote-Sensing  Program'  because  of  the  rela- 
tively fresh  basaltic  flows  and  pyroclastics The  typical  exposure  of 
basalt  in  the  area  also  made  it  a possible  lunar  analog.  A funidamental 
test  site  for  the  purpose  of  the  program  is  defined  as  a readily  acces- 
sible area  for  which  the  topography,  geology,  hydrology,  soils,  vegeta- 
tion, and  other  features  are  relatively  well  known.  All  remote-sensor 
instrument  teams  (that  is,  IR,  radar,  microwave,  and  photography  teams) 
were , obligated  to  use  the  fundamental  test  sites  for  instrument  evalua- 
tion and  to  establish  terrain-identification  procedures . 

Pisgah  Crater,  nearby  Sunshine  Cone,  and  their  associated  lava 
flows  are  in  the  southern  Mojave  Desert  about  Uo  miles  east-southeast 
of  Barstow,  California  (fig.  lO-l).  U.S.  Highway  66  skirts  the  northern 
part  of  the  area  and  provides  access  to  the  Crater  and  the  perimeters 
of  the  flows  via  asphalt-paved  and  dirt  roads.  , 

Pisgah  Crater,  which  is  a pumiceous  cone,  is  owned  and  occasionally 
quarried  by  the  Atchison,  Topeka,  and  Santa  Fe  Railroad.  The  remaining 
part  of  the  area  to  the  south  is  within  the  boundary  of  the  Marine  Corps 
Base,  Twentynine  Palms , California,  and  is  currently  being  used  as  a 
gunnery  and  bombing  range.  The  proximate  area  to  the  east,  west,  and 
north  of  Pisgah  Crater  is  public  domain.  ~ ' 

Originally,  an  area  totaling  10  square  miles  was  outlined  for  de- 
tailed study  (fig.  10-2).  This  included  an  8-ini le-long  strip  extending 
southeast  from  and  including  Pisgah  Crater  to  Lavic  Dry  Lake  and  a 
2-mile  strip  alined  to  include  a portion  of  the  Sunshine  lava  flow  and 
Lavic  Dry  Lake.  Additional  aerial  IR  imagery  of  the , Sunshine  and  Pisgah 
flows  along  the  Pisgah  fault  proved  so  interesting  atjid  inf onnative  that 
the  Pisgah  fault  area  is  included  in  the  discussion.  l 

Infrared  surveys  were  flown  February  11  to  13,  1965,  and  Augdst  k 
and  5,  1966.  The  initial  survey  was  flown  by  NASA  personnel  aboard  the 
NASA  926  Convair  2^1-0  aircraft.  Because  of  technical  problems  with  the 
IR  scanners  (i+  . 5u  to  5«  5y  and  8y  to  li+y  bands ) and  with  certain  ground 
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instrimients , most  of  the  imagery  ani  ground  temperature  data  obtained 
during  the  initial  mrvey  period  were  of  little  value.  However,  excel- 
lent IR  imagery  in  the  8vi  to  l4y  region  of  the  spectrum  was  acquired  by 
the  U.S,  Geological  Survey  during  the  August  I966  survey.  The  scanner 
was  mounted  in  a Beech  D-18  aircraft  provided  by  the  U.S.  Geological 
Survey  Water  Resources  Division.  Likewise,  more  reliable  ground  data 
were  obtained  at  this  time  because  of  improved  instrumentation  and 
technique. 

Ground  data  were  taken  by  U.S.  Geological  Survey  personnel  includ- ^ 
ing  W.  A.  Fischer,  J.  D.  Friedman,  W.  R.  Hemphill,  D.  L.  Daniels,  G.  R. 
Boynton,  P.  W.  Philbin,  and  the  author  of  this  report.  C.  R.  Fross 
operated  the  IR  scanner  during  the  August  1966,  survey,  and  R.  M.  Turner 
was  responsible  for  photoprocessing  of  the  IR  imagejfy.  Their  assistance 
is  gratefully  acknowledged. 


Previous  Studies 


The  geology  of  the  Pisgah  Crater  area  has  been  previously  mapped 
in  whole  or  part  by  several  geologist's.  Highly  generalized  recionnaisl  ' 
gance  maps  were  made  by  Darton  (ref.  10-1 ),  Gardner  (ref.  10-2),  and  , 
Kupfer  and  Bassett  (ref,  10-3)  at  the  respective  scales  of  1:500  000, 
1:250  000,  and  1:125  000.  Dibblee  (ref,  10-U)  and  Dibblee  and  Bassett  ' 
(ref  . 10-5)  mapped  the  Lavic  and  Cady  Mountains  quadrangles respective- 
ly, at  a scale  of  1:62  500,  covering  the  area  of  the  present  study.  In 
conjunction  with  the  present  study,  W.  S.  Wise  (ref.  10-6)  mapped  the 
Pisgah  and  Sunshine  Cone  lava  fields  in  detail.  Figvire  10-3  is  a com- 
pilation of  these  sources,  of  personal  observations  in  the  field,  and 
of  geology  taken  from  large-scale  aerial  photographs | of  the  area.  The 
author  assumes  responsibility  for  the  resulting  geologic  interpretation 
of  the  mappable  units  as  presented  , in  this  report  . , 

Several  NASA  technical  letters  on  ihe  Pisgah  Crkter  area  were  dis- 
tributed by  the  U.S. . Geological  Survey.  These  included  reports  aiid/or  , 
preliminary  maps  by  Gawarecki  (ref.  10-7),  Dibblee  (ref.  10-8), 'H 
and  others  (ref.  10-9),  Altenhofen  (ref.  10-10 ),  Daniels  (ref.  10-11), 
and  Friedman  (ref.  10-12). 


GEOLOGY 


Geomorphic  petting  , , 

The  Pisgah  Test  Site  is  within  the  Basin  arid"  Range  physiographic  ' 
province  and  is  one  of  the  many  centers  of  recent  volcanic  activity 
which  lie  on  broadly  alluviated  valleys  and  play as  across  the  central 
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part  of  San  Bernardino  County.  Pisgah  Test  Site  also  lies  within  the 
southern  Mojave  Desert,  a part  of  the  Mojave  structural  block,  which  is 
characterized  by  generally  northwest-trending  fault  block  mountains  and 
intermontane  basins. 

Elevations  in  the  Pisgah  Test  Site  range  from  l886  feet  above  sea 
level  at  Lavic  Dry  Lake  in  sec.  27»  T 7 N,  R 6 E to  4421  feet  at  Sunshine 
Peak,  which  is  4 miles  distant  in  NWl/4,  sec.  1,  T 6 N,  R 5 E.  The  maxi- 
mum elevation  in  the  area  of  detailed  study  is  3121  feet  above  sea  level 
at  Sunshine  Cone,  but  the  average  is  close  to  2100  feet. 

The  drainage  is  internal,  to  Lavic  Dry  Lake  playa  on  the  south,  and 
to  Troy  Dry  Lake  on  the  northwest.  The  two  areas  are  believed  to  have 
been  connected  by  northward  drainage  during  Pleistocene  time  (ref.  10-13), 
prior  to  damming  by  the  flood  of  Pisgah  basalt  and  the  subsequent  devel- 
opment of  the  playas  during  the  pluvial  stages.  The  lake  beds  have  been 
augered  to  a depth  of  l60  feet  in  the  northeast  part  of  Lavic  Dry  Lake 
without  reaching  lava  (ref.  10-l4),  indicating  that  a considerable  amount 
of  deposition  has  taken  place.  A dry  10-foot-deep  bomb  crater  observed 
in  the  lake  bed  shows  that  the  water  table  is  not  near  the  surface. 

The  surface  of  the  playa! is  extremely  flat  and  has  widely  developed 
giant  desiccation  polygons,  the  sides  of  which  are  outlined  by  moist 
sediments  and,  in  many  cases,  by  vegetation.  Inside  the  southern  and 
western  margins  of  the  playa,  phreatophyte  mounds  have  been  formed  by 
the  aeolian  deposition  of  sand  and  silt  around  the  base  of  the  brushy 
vegetation.  The  moisture  for  this  and  other  vegetation  is  probably  de- 
rived from  coarser  intercalated  detrital  beds  below  the  surface  related 
to  the  alluvial  fans  bordering  the  playa. 

Recent  deposition  appears  to  be  minor. 'The  playa  may  contain  shal- 
low standing  water  for  brief  periods  after  a rare  desert  cloudburst. 

During  the  August  I966  period  of  investigation,  only  the  eastern  margin 
of  the  lake  showed  evidence  of  moisture.  Rainfall  in  this  part  of  the 
Mojave  Desert  is  only  1 to  2 inches  annually. 

The  effects  of  wind  are  especially  noticeable  on  the  north  side  of 
the  area  where  a long  fetch  enables  the  prevailing  westerlies  to  deposit 
sand  and  silt  across  the  northern  reach  of  the  Pisgah  flows  and  the  area 
immediately  north  of  the  Pisgah  Cone. 


Lithology 

General  comments.-  The  lithologic  units  found  in  the  area  are  shown 
on  the  geologic  map  (fig*  10-3).'  In  addition  to  the  sources  of  the  geo-“ 
logic  data  described  earlier,-- geologic  units  discovered  on  the  IR  imagery 
are  included  on  the  map.  A later  section  of  this" report  on  the  interpre- 
tation of  the  imageiy  will  discuss  properties  of  the  various  uhiti  insofar 
as  the  properties  affect  the  thermal  behavior  and  contrast  of  the  units. 


The  rocks  range  in  age  from  prohahle  Mesozoic  to  Recent.  Their 
exact  ages  are  unknown  for  the  most  part  because  there  is  little  strati- 
gratphic  and  no  paleontologic  control  available  for  these  units  of  limited 
lateral  extent. 

The  following  description  of  the  lithologic  units  is  necessary  for 
an  understanding  of  their  thermal  behavior  as  shown  on  the  imagery. 

Biotite  quartz  monzonite  (bgm).-  The  oldest  rock  recognized  is  a 
biotite  quartz  monzonite  that  is  found  on  Peter's  as  a few 

small  inliers  near  the  center  and  in  mi/k  sec.  19,  T 7 N,  R 6 E.  Dihb- J 
lee  (ref  . 10-i+)  describes  the  rock  as  a gray,  massive,,  medium-grained,  ' 
commonly  porphyritic  granitic  rock  composed  of  from  10  to  30 -percent 
quartz;  35  to  50  percent  plagioclase  (andesihe);  15  to  30  percent  potas- 
sic  feldspar.  In  many  places  as  orthoclase  phenocrysts  up  to  2 centime- 
ters long;  3 to  20  percent  biotite,  in  part  altered  to  iron  oxides; 

0 to  5 percent  hornblende;  and  a total  of  about  1 percent  sphene,  zircon, 
and  magnetite.  Field  relations  west  of  the  Lavic  quadrangle  lead  Dibblee 
(re-f.  lO-ii)  to  “consider  the  monzonite  to  be  of  Mesozoic  age. 

Do-cije  porphyry  (Tdp).-  Dacite  porphyry  of  the  Lava  Bed  Mountains  ' 
borders  the  western  part  of  the  study  area.  It  is  in  ihtrusive  Contact 
with  the  biotite  quartz  monzonite  rand  has  been  the  primary  source  of  the 
gravels  on  the  wi^st  side  of  the  area,  it  is  a gray-white  to  light- 
greenish- gray  massive  prophyry  composed  of  euhedral  and  subhedral  pheno- 
crysts as  large  as  k millimeters.  In  a microcrystalline  groundmass,  the 
phenocrysts,  which  make  up  ^0  to  60  percent  of  the  rock  mass,  are  mostly 
plagioclase  (oligoclase-andesine)  with  minor  amounts  of  biotite,  horn- 
blende, and  quartz  (ref.  10-4).  The  gray-white  groimdmass  is  composed 
of  plagioclase  and  pot ass icr feldspar  and  traces  of  iron  oxides.  Emplace- 
ment of  the  porphyry  as  a large  intrusive  mass  probably  occurred  during 
an  early  stage  of  Tertiary  volcanic  activity.  Dibblee  (ref.  10-4)  sug- 
gests that  the  dacite  porphyry  is  most  likely  of  Oligocene  or  early  Mio- 
cene age  or  possibly  older.  - i 

Andesite  breccia  (Tab ) ^ - ^ In  the  Peter's 'Mountain  area,  a ‘seipience 
of  volcanic  and  sedin|entaiy  rocks,  probably  as  old  as  middle  Tertiary, 
overlies  the  e^^oded  biobite  quartz  monzonite.  The ’descriptions  of  rocks 
within  this  sequence  are  largely  those  of  Dibblee  (z'ef.  10-4),  with  addi- 
tional comments  by  the  author  of  this  report. 

The  oldest  rock  unit  in  this  sequence ,13  an  jandesite  breccia,  esti- 
mated to  be  about  25  Q feet  thick,.  Gardner  (ref.  10-2)  tentatively  cor- 
related it  with  the  Red  Mountain  andesite./  ihe  ibnit  is ia  flow  brecciaj 
massive  to  very  crudely  bedded,  composed  of  light-pinkish  tq  very-dark-  ; 
reddish-brown,  unsorted  angular  fragments  6^  andesite  in  ^desite  matrix. 
The  andesite  proper  has  phenociysts  as  large  as  4 millimeters  which  make 
up  from  20  to  50  percent  of  the  rock  and  which  are  set  in  a microcrystal- 
line to  subvitreous  groundmass . Most  “"of  the  phenocrysts  ai*e  white 
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plagioclase  (anderine?),  but  some  are  small  plates  of  biotite^  needles 
of  hornblende  (or,  rarely,  q^uartz).  The  groundmass  is  mostly  plagio- 
clase with  little  or  no  potassic  feldspar  and  minor  specks  of  iron  oxide. 

Tuff  breccia  (Tt).-  Unconformably  overlying  the  andesite  breccia, 
in  the  NEl/4  sec.  19,  T 7 N,  R 6 E,  is  a pinkish-tan  to  gray-white  tuff 
breccia  composed  of  small  white  fragments  of  devitrified  pumice  and 
small-to-large  angular  fragments  of  porphyritic-to-felstic  andesitic 
rocks  of  Tertiary  age  in  a matrix  of  fine-  to  coarse-grained  tuff.  The 
unit  also  contains  some  intercalated  beds  of  tuffaceous  sandstone  and 
conglomerate  with  andesite  and  dacite  porphyry  detritus. 

Fanglomerate  of  granitic  detritus  (Tfg).-  A fanglomerate  of  granitic 
detritus  covers  the  andesite  and  tuff  breccias  on  the  north,  in  secs.  IT 
and  l8,  T T N,  R 6 E.  On  the  eastern  side  of  Peter’s  Mountain,  the 
fanglomerate  is  medium-tannish-gray , and  is  composed  of  imsorted,  sub- 
angular  boulders  of  quartz  monzonite  in  an  arkosic  matrix.  Desert  var- 
nish is  common.  'The  age  of  this  fanglomerate  is  believed  to  be  Oligocene 
or  Miocene. 

I 

Basalt  (Tb).-  Above  the  fanglomerate  stratigraphically , and  perhaps 
also  intercalated  with  and  intruded  into  it,  is  a massive  to  thickly 
layered  basalt  that  caps  Peter's  Mountain  and  occurs  as  scattered  out- 
liers as  far  north  as  sec.  T>  T 7 N,  R 6 E.  Sizable  basalt  outcrops 
found  east  of  the  Pisgah  flow  are  similar  lithologically  and  strati*- 
graphically  to  those  on  Peter’s  Mountain.  Dibblee  (ref.plD-4)  iconsiders 
the  eastern  basalt  flow  to  be  slightly  younger  thhn  the  flow^  to  the 
west;  but  because  of  their  similarities the  author  believes  all  the 
flows  to  be  of  the  same  unit,.  The  basalt  in  both  eastern  and  western 
flows  is  olivine-bearing,  dark-gray  to  black,  vesicular,  with  differences 
that  are  common  to  any  large  flow  or  sequence  of  related  flows.  These 
flows  differ  from  the  younger  Sunshine  and  Pisgah  flows  ini  being  finely 
crystalline  rather  than  significantly  glassy  in  character. - 

The  surface  of  basalt  is  generally  devoid  of  sharp  outcroppings  and 
is  commonly  mantled  by  large  angular  blocks.  The  outcrops  east  of  Lavic 
Dry  Lake  appear  to  support  more  brushy  vegetation  than  do  those  on  the 
west. 

Gardner"  (ref.  10-2)  tentatively  correlated  this  basalt  unit  with 
the  Black  Mountain  Basalt  of  Pliocene  (?)  and  Pleistocene  age  * ; D|ibblee  - 
(ref.  10-4)  believes  that  the  western  occurrences  are  probably  ! either 
Oligocene  or  Miocene.  Therej  is  no  .definite  efideiice^  for  either  .opinion. 
However,  the  relationships'  of  the  later  basalts  with  the  Lavic  Dry  Lake 
beds,  which  may  in  part  represent  Pleistocene  pluvial  deposits,  suggest 
that  the  so-called  Black  Mountain  Basalt  correlative  is  significantly 
older  than  Pleistocene,  probably  Pliocene,  in  age. 


Claystone  ( Q,Tc ) . - A light-reddish-brown  to  greenish-^gray  massive  to 
bedded  claystone  is  described  by  Dibblee  and  Bassett  (ref.  10-5)  as  out- 
cropping about  3 miles  west-northwest  of  Pisgah  Crater.  Interbedded 
with  the  clay  is  a 10-foot-thick  cream-white,  massive  limestone  and 
associated  white  bentonitic  tuff.  Dibblee  and  Bassett  (ref.  10-5)  indi- 
cate a probable  lacustrine  origin  for  the  beds  which  grade  upward  into 
an  older  gravel  and  fanglomerate  unit.  The  age  of  the  claystone  is  be- 
lieved to  be  of  late  Tertiary  or  Pleistocene  age. 

Older  fajiglomerate  and  gravel  (Qof).-  A light-tannish-gr'ay  fanglom- 
erate and  gravel  overlies  the  fanglomerate  of  granitic  detr, it us  (Tfg) 
on  the  north  side  of  Peter* s Mountain  and  also  the  Tertiary  basalt  to 
the  south.  A similar  unit  is  found  to  the  north  and  east  of  the  Pisgah 
lava  field.  In  both  occurrences , the  unit  is  mostly  unstratified  fan- 
glomerate  of  poorly  sorted  cobbles  and  boulders  in  a coarse  sandy  matrix. 
In  the  western  occurrence,  it  differs i from  the  underlying  fanglomerate 
(Tgf)  primarily  by  being  lighter  in  color  and  more  easily  eroded. 

At  the  other  occurrences  to  the  north  and  east,  the  source  was  to  the  - 

east,  and  the  unit  contains  more  fragments  of  volcanic  rocks,  including  ' 
felsites  (also  Tertiary  chert  and  jasper  and  Mesozoic  granitic  rocks). 

In  all  occurrences,  the  unit  is  undergoing  erosion.  North  of  Pisgah 
Crater,  sections  of  the  surface  have  been  stripped  of  the  fines  by  wind, 
leaving  behind  boulders  and  cobbles  with  surfaces  coated  with  desert 
varnish.  The  varnish  causes  the  surface  to  appear  darker  than  most  of 
the  fresh  rock  surfaces . 


The  age  of  this!  unit  is  considered  as  Pleistocene  by  Dibblee 
(ref.  IQ-k) , but  may!  be  as  old  as  Pliocene. 


Sunshine  i basalt  flows  (Qbs.^,  Qbs^,  and  Qps)  . - The  Sunshine  lava 


field,  a major  unit  in  the  southwestefn  p the  study  ar^^  resulted 
from  at  least  two  periods  of  eruption.  Flows  reiated  to  each  period  are 
distinguishable  (fig.  10-t).  An  older  series  of  flows  (Qbs^  )T  ih“  the 


north  end  of  the  field  were  primarily  erupted  frqmja:venti  represented  |by 
a now  faulted  and  eroded  pumice  cbne  in  the  center  of  sec.  iSo',  T T N,  ^6  E 
The  younger  flows  (Qb« 


js^)  to  the  south  issued  from  at  least  two-  vents 


a partially  buried  cone  in  the  NWl/t  sec. 30 , T T N,  R 6 E,  and  the 
other  (the  slightly  eroded  Sunshine  Gone)  in  siec.  31  of  the  same  to'^ship 
Some  fissure  flows  from  the  Pisigah  fault  may  also  have  occurred  I at  this 


sec.  21, 


time.  The  younger  Siinshine  basalt  is  found  as  far  south  as 
T 6 N,  R 6 E.  Much  of  the  intervening  area  ef  flow, - as  in  northeast 
margin,  is  buried  deeply  by  recent  fanglomerate.  The  eastern  edge  of 
the  lava  field  is  buried  under  the  Lavic  Dry  Lake  beds  and  fanglomerate, 
and  the  western  margin  is  covered  by  fanglomefate  from  the  Lava  Bed 
Mountains . 
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The  older  basalt,  which  is  dark-gray  to  black  on  a fresh  surface, 
is  described  by  Wise  (ref.  10-6)  as  a porphyritic  alkali-olivine  basalt. 
Single  phenocrysts,  as  well  as  glomeroporphyritic  clots  of  plagioclase 
and  olivine,  occur  in  a groundmass  of  plagioclase,  titanaugite,  olivine, 
magnetite,  ilmenite,  and  anorthoclase.  Minor,  but  consistently  present, 
dark-brown  phenocrysts  of  titanaugite  set  these  lavas  apart  from  all 
others  in  the  Pisgah  Test  Site.  Table  lO-I  shows  the  modal  analysis  of 
this  flow. 

The  original  surface  of  the  flow  has  been  almost  entirely  removed 
by  weathering  and  erosion,  and  drainage  is  integrated.  The  flow  surface 
is  rubbly , and  the  angular  blocks  of  basalt  have  developed  a smooth  desert 
varnish.  A product  of  weathering  is  a ubiquitous  coating  of  calcium 
carbonate  on  joint  planes  and  in  local  minor  depressions.  This  appears 
to  account,  in  part  at  least,  for  the  relatively  lighter  tone  of  the  unit 
on  aerial  photographs. 

■ ■■'  I : 

The  younger  basalt  is  also  a dark-gray-to-black  vesicular  alka3.i- 
olivine  basalt.  Wise  (ref.  10-6)  states  that  ’’scattered  phenocrysts 
(3  to  5 mm)  occur  in  a groundmass  of  plagioclase,  titanaii^te,r(blivine, 
magnetite,  ilmenite,  and  anorthoclase.”  He  notes  that  plagioclase  pheno— 
crysts  are  rare  to  absent  in  the  area  of  the  test  strip,  although  they 
are  abundant  in  a later  flow  on  the  southern  end  of  the  lava  field. 

Modes  are  shown  in  table  lO-I. 

The  original  surface  features  of  the  younger  series  of  flows  are 
only  partially  dulled  by  weathering  and  erosion.  Numerous  depressions 
still  exist  that  have  developed  into  small  carbonate  and  silt  playas  as 
large  as  100  feet  across.  Calcium  carbonate  is  also  prominent  along 
joint  planes,  as  in  the  older  Sunshine  flows. 

The  difference  in  surface  erosion  between  the  two  units  -that  make 
up  the  Sunshine  lava  field  appears  to  indicate  that  a significant  amount 
of  time  had  elapsed  between  the  two  major'  eruptive  periods. 

The  three  recognized  pumice  cones  associated  with  the  Sunshine  'flows 
are  all  similar  in  their  character  and  are  considered  as  one  lithologic 
map  unit  of  basaltic  pumice  (Qps).  The  pumice  cones  are  described  by 
Dibblee  (ref.  10-4)  as  brownish-black  scoriaceous  basalt  composed  of 
basaltic  glass.  The  faulted  cone  related  to  the  earlier  flow  period  has 
been  noticeably  dissected  by  erosion,  and  the  pumiceous  materials  have!  i 
been  carried  downslope  to  form  an  epiclastic  alluvium  of  pebble-cobble  ' 
scoria  and  basaltic  detritus  (Qpa)  in  the  NEl/4  sec.  30,  T T N,  R 6 E.’  - ! 
The  cone  to  the  west  of  the  fault  is  partially  but-ied  by  fanglomerate 
from  the  Lava  Bed  Mountains  and  by  a flow  that  possibly  emanated  from  its 
vent.  The  Sunshine  Cone  is  cut  by  drainage  rills  2 to  15  feet  deep,  but 
the  cone  essentially  retains  its  original  shape.  The  topography  suggests 
that  an  earlier  pyroclastic  stage  may  have  occurred.  Gardner  (ref*  10-2) 
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notes  that  a small  playa  about  80  feet  in  diameter  occurs  in  the  center 
of  the  crater.  In  this  respect,  it  is  similar  to  most  other  cones  that 
characteristically  contain  substantial  amounts  of  silt  and  weathering 
products,  especially  calcium  carbonate,  sifted  down  just  below  the  sur- 
faces of  the  cones . 

Dibblee  (ref.  10-4)  presumes  a Pleistocene  age  for  the  Sunshine 
basalt  eruption. 

Pisgah  basalt  flows  Qb^,  Qb^,  and  Qpb).-  The  Pisgah  lava 

eruption,  as  described  by  Wise  (ref.  10-6),  took  place  in  at  least  three 
distinct  phases.  His  thesis  is  based  solely  upon  the  texture  of  the 
phenocryst  minerals  in  each  phase. 


The  first  eruptive  phase  of  the  basalt  (Qb^)  is  believed  to  have! 

begun  with  the  building  of  a cinder  cone  in  the  low  hill  area  norjbh  of 
the  main  cone  and  with  tihei  issuance  of  lava  from  vents  near  the  cone. 
Flows  extended  as  far  as  the  Lavic  basin,  about  0.5  mile  to  the  north  and 
T miles  to  the  west-northwest  in  the present  vicinity  of  U.S.  Route  66. 


The  flow  is  cut  by  'the  Pisgah  fault  at  the  highway,  where  small 
tumuli  are  spaced  quite  regularly  along  the  fault  (fig*  10-5).  The  uni- 
formly limited  development  of  the  tumuli  suggests  that  their  source  was 
from  below  a congealed  lava  crust  that  ruptured  during  fault  movement 
and  not  from  along  fault  ^conduits  below  the  effusive.  The  r^laitions  in- 
dicate that  the  Pisgah  fault  was  active^ at  this  time,  as  does  the  topog- 
raphy, which  controlled  the  movement  of ■ all  the  Pisgah  flows.: 


There  is  a possibility  that  the  yolmgef  Sunshine  flow  was  nearly 
contemporaneous  with  the  initial  Pisgah;  eruption,  since  the  younger!  Sun4 
shine  flow  has  the  same  preserved  surface  appearance;  and  its  direction 
of  flow  was  controlled  by  the  fault  and  the  developing  Lavic  basin.  The 
older  Sunshine  flow  is  too  eroded  and  weathered  to  be  considered  anything 
but  older  than  the  first  Pisgah  "phase. 


The  lavas  of  the  first  eruptive  phase  are  composed  of  blocky  pahoehoe 
type,  and  less  commonly,  aa-type  flowjs  (figs.  10-6  and  lQ-T).  Wise 
(ref.  10-6)  finds  the  flows  to  be  a- miicroporphyritic  aikali-olivine  basalt 
Microphenocrysts  of  olivine  (less  than  2 mm)  are  scatterMJ and  rare.  The 
groundmass  minerals  are  olivine  piagiocTase^titanaugite,  magnetite,  and 
ilmenite.  Basic  glass  is  also  a common  constituent  in  the  groundmass 
(table  10— I ) . The  sxirfaces  of  the  flows  commonly  have  the  slight  lustre 
of  desert  varnish  that  forms  a- tah^hdlored  matefial  which  ii'^a  noticeable 
coating  on  fractures  and  at  the  bases  of  spall  sheets  common  on  the 
pahoehoe.  All  types  of  flows::are  highlir  vesicular  , indicating  a sub- 
stantial volatile  or  gas  content  during  the  magmatic  stage.  The  vesicles, 
which  make  up  to  one-third  of  the  volume , now  contain  a mixture  of  weath- 
ered products  such  as  clay,  carbonate,  and  ferrous  oxides. 
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The  second  eruptive  phase  (Qh^)  "began  after  a long  period  of  quies- 
cence; lava  issued  from  at  least  two  separate  conduits.  One  conduit 
"built  a cinder  cone  close  to  the  present  cone,  and  a second  conduit 
domed  the  earlier  flow  unit  about  2500  feet  south-southeast  of  the  Pisgah 
Crater  and  poured  forth  a voluminous  amount  of  lava  from  around  the  dome 
base.  Several  small  possible  conduits  are  found  scattered  to  the  east 
and  south  of  the  Pisgah  Cone  (fig.  10-3).  However,  the  conduits  may  rep- 
resent breaches  in  the  solidified  crust  that  allowed  lava  to  be  issued 
under  a magmatostatic  head  from  a subcrustal  lava  passage. 

Lava  from  the  second  phase  reached  into  the  Lavic  basin  and  again 
flowed  northwestward  toward  the  highway  along  drainage  developed  west  of 
the  first  flow.  The  lava  first  overflowed  the  drainage,  then  settled  as 
it  continued  downstream,  leaving  prominent  ridges  of  solidified  lava 
crust  along  its  margins.  These  and  other  levee-like  pressure  ridges 
formed  by  the  pulsating  flood,  crests  of  lava  are  accentuated  by  alluvial 
fan  detrital  deposited  later  in  the  troughs.  A considerable  part  of  this 
flow  is  believed  to  be  buried  by  the  alluvial  fan  in  this  area. 


The  lava  of  this  phase  is  largely  aa  (fig.  10-8),  but  pahoehoe  sur- 
faces are  found  on  most  of  the  long  westward  part  of  the  flow. 

Lava  tubes  developed  near  the  south  end  of  the  dome  conduit  close 
to  the  end  of  the  flow  period.  Subsequent  partial  collapse  of  the  roof 
occurred  after  drainage  of  the  subcrustal  lava. 


The  second  flow  is  a black  porphyritic  alkali-olivine  basalt  with 
larger  olivine  (2  to  3 mm)  and  plagioclase  (2  to  5 inm)  phenocrysts  than 
the  first  flow.  The  groundmass  minerals  with  modes  shown  in  table  lO-I 
are  the  same  as  those  found  in  the  earlier  phase.  Basic  glass  makes  up 
more  than  40  percent  of  the  flow  near  the  cone  and  only  24  percent  in 
the  Lavic  Dry  Lake  area. 

The  third  and  probably  final  period  of  basalt  flow  (Qb^)  occurred 

from  two  separate  points.  The  present  Pisgah  cinder  cone  in  WWl/4  sec.  32, 
T 8 H,  R 6 E formed  at  this  time,  and  lava  issued  from  a vent  or  vents 
at  its  base  on  the  southeast  side.  The  lavas  from  the  vents,  restricted 
by  the  previous  flows,  moved  westward  about  4 miles,  southeastward 
3 miles,  and  northward  only  2 miles. 

Pahoehoe-type  lava  covers  almost  the  entire  surface  of  the  flow,  but 
pressure  ridges  and  resulting  blocky  surfaces  are  quite  common.  The  flow 
is  cut  on  the  west  by  the  Pisgah  fault,  with  tumuli  again  developed  along 
the  fault  in  the  same  manner  as  in  the  first  flow.  The  southwest  margin 
has  several  ridges  thrust  up  and  accentuated  by  fan  material,  as  in  the 
second  flow.  Lava  tubes  developed  on  the  margins  of  Pisgah  Crater,  which 
subsequently  collapsed  over  much  of  their  lengths  (fig.  10-9).  One  tube 
on  the  eastern  side  of  the  crater  is  over  2000  feet  long  where  exposed  by 
roof  collapse. 
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The  alkali-olivine  basalt  has  plagioclase  phenocrysts  generally 
larger  than  10  millimeters  in  length  and  clots  of  olivine  crystals  about 
5 to  6 millimeters  across,  which  serve  to  distinguish  these  flows  from 
the  earlier  one.  However,  the  overall  groundmass  mineralogy  is  similar. 
Table  lO-I  gives  modal  analyses  for  grid  samples  taken  1300  feet  south- 
west of  Pisgah  Crater. 

All  Pisgah  lavas  on  the  northern  and  western  sides  of  the  area  are 
covered  with  substantial  amounts  of  windblown  sand  and  silt  carried  by 
prevailing  westerlies  from  the  alluvial  fans  andl  Troy  Dry  Lake  to  the 
east.  The  smoother  pahoehoe  basalts  are  Covered  by  greater  amounts  be- 
cause saltation  is  easier  across  its  surface. 

The  Pisgah  Cone  (Qbp),  which  crowns  the  highest  part  of  the  lava 
field,  is  built  up  of  fragments  and  lapilli  of  brownish-black  to  dark- 
reddish-gray  scoriaceous  basaltic;  glass  or  pumice  Cfig.  10-10).  Older 
cinder  cones,  probably  related  to^  the  earlier  eruptions  on  the  north  side 
of  the  crater,  are  dark-reddish-gray,  have  bjeen  covered  in  greater,  part 
by  the  last  eruption,  and  are  strongly  erpded  where  exposed.  However, 
the  most  recent  cone  has  a relatively  freSh  appearance.-  :Road  cuts  in  the 
flank  of  the  crater  expose  thin  silty  horizons , both  buried  and  near  the 
surface,  that  may  be  the  result  of  windblown  material  and  of  in  situ 
weathering  (fig.  10-11)  . The  center  of  the  crater  is  flojored  with  typical 
pahoehoe-type  basalt  (fig.  10-10).  There  are  ho  indications  ths,t  the 
basalt  ever  reached  thS  rim  of  the  crater  during  ehupt ion. 


The  top  edge  of  the: crater  has  loose  scoria  and  pumice  ranging  in 
size  from  pebbles  to  small  bouldersy  The  average  size  is  about  that  of 
small  cobbles  (6h  mm).  The  flanks  of  the  cone  are  covered  with  larger 
fragments,  mostly  in  the  small  boulder  size  (2^6  mm)J  Volcanic  bombs 
with  the  typical  spindle  shape  are  rare.  The  interior  slope  of  the 
crater  has  the  same  size  and  type  of  material  as  the  rim,  but  also  has 
occasional  small  boulders  and  vesicular  basalt. 

The  surface  of  the  cone,  which  slopes  from  25°  to  30°,  is  free  of 
vegetation.  The  pahoehoe  surfaces  generally  have  scatt,ei»0^  sage  and  other 
brushy  vegetation.  ' 

The  ages  of  the  Pisgah  flows,  and  pyro elastics  are  believed  by  Dibblee 
(ref.  10-4)  to  be  of  Pleistocene  and/br  Recent  age. 

Alluvium  of  basaltic  pumice  and/or  detritus  ( Qpa ) . - Minor  erqsibn*  of 
the  pumice  cones  associated  with  the  Sudshine  4nd  Pisgah  flows  caused  the 
local  transport  and  deposition  of I pyroclastics  and -other  basaltic  detri- 
tus, Because  of  their  similar  characteristics  and  continuing  minor  move- 
ment, they  are  recognized  as  a single  formation.  The  age  of  this  alluvium 
ranges  from  Pleistocene  to  Recent. 
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Playa  deposits  (Qc).-  The  most  extensive  play a deposits  are  those 
of  Lavic  Dry  Lake.  Other  deposits  of  limited  extent  are  found  on  the 
surface  and  along  the  margins  of  the  Sunshine  and  Pisgah  flows. 

The  Lavic  playa  surface  is  classified  as  a hard,  dry,  compact-floor 
type,  composed  essentially  of  densely  packed,  fine-grained  argillic  mate- 
rials that  are  ordinarily  only  slightly  penetrated  by  precipitation 
(ref.  10-13).  Kerr  and  Langer  (ref.  10-13)  give  the  following  estimates 
of  the  gross  mineralogic  character:  79  percent  clay,  21  percent  granular 

components,  0.2  percent  accessory  minerals,  and  a trace  of  saline  miner- 
als. The  clays  are  montmorillonite  and  illite.  The  granular  components 
are  predominantly  quartz'  and  feldspar,  but  also  include  hornblende, 
chlorite,  epidote,  cli nopyroxene,  actinolite,  biotite,  muscovite,  seri- 
cite,  vermiculite  (?),  zircon,  magnetite,  tourmaline,  and  rock  fragments. 
Saline  minerals,  surprisingly  meager  in  amount,  are  halite,  sylvite,  and 
carbonate.  Although  halite  is  considered  dominant  by  Kerr  and  Langer 
(ref.  10-13)  calcium  carbonate  is  obvious  by  its  effervescence  when  speci- 
mens of  the  lake  surface  are  treated  with  dilute  acid. 

The  lakebed  has  a characteristic  development  of  giant  polygonal  des- 
iccation cracks  over  most  of  its  surface.  These  cracks  are  measurable 
in  hundreds  of  feet.  Because  of  infilling,  the  cracks  show  very  little 
depth  and  are  not  noticeable  everywhere  on  the  ground  because  of  their 
variable  degree  of  development.  Near  the  margins  of  the  lakebed,  brushy 
vegetation  has  taken  root  in  the  moisture  afforded  at  depth  by  many  of 
the  cracks.  However,  a younger,  unvegetated  set  of  cracks  appears  to 
have  developed;  these  cracks  are  outlined  by  moist  stripes  of  sediment 
(fig.  10-12).  Typical  mudcrack  polygons  are  ubiquitous  but  are  not  as 
permanent  as  the  giant  polygons , which  owe  their  existence  to  desiccation 
at  depth  over  a long  period  of  time. 

Development  of  small,  ephemeral  polygons  is  variable  over  the  lake- 
bed.  Adjacent  to  the  south  margin  of  the  Pisgah  flow,  the  silty  clay 
appears  more  desiccated,  forming  major  irregular  polygons  averaging 
10  inches  across  and  cracks  at  least  6 Inches  deep  (fig.  10-13).  Small 
subordinate  polygons  are  developed  within  these  major  polygons.  A flat 
mosaic  of  weakly  developed  polygons  up  to  6 inches  across,  with  edges 
somewhat  wind  eroded,  were  found  toward  the  center  of  the  lakebed  during 
one  early  visit  to  the  area.  An  extremely  flaky  crust,  affecting  several 
layers  and  producing  potterylike  shards  was  also  found  on  the  northwest 
margin  of  the  lakebed  during  an  early  visit. 

Three  days  prior  to  the  August  1966  survey,  the  eastern  margin  of  — ' 
Lavic  Dry  Lake  had  been  moistened  by  rainfall  running  off  the  Bullion 
Mountains.  The  rain  produced  a few  small  puddles  in  vehicle  tracks  and 
softened  the  playa.  The  open  water  disappeared  before  the  aerial  survey 
was  made,  but  the  eastern  margin  of  the  playa  remained  moist. 
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Lavic  Dry  Lake  was,  in  its  lower  part  at  least,  contemporaneoas 
with  the  Pisgah  flows.  A basin  toward  which  the  lavas  flowed  was  in 
existence  in  this  area.  A lava  dam  apparently  formed  at  that  time,  which 
has  continued  through  present  time  and  provided  a closed  depositional 
basin.  The  age  of  beds  in  this  basin  probably  rapges  from  late  Pleisto- 
cene through  Recent. 

■ ■ - ' . I 

■ ■ ^ . ■ 1' 

Older  alluvium  (Qoa).-  An  earlier  phase  pf  Quaternary  alluvium  is 
exposed  and  has  eroded  and  in  some  places  re-covered  by  recent  detritus. 
The  Quaternary  alluvium  consists  mostly  of  massive  to  crudely  .bedded 
fanglomerate  and  of  gravel  of  unsorted  fragments  from  preexisting  detritus 
and  from  volcanics  on  Peter's  Mountain.  This  Quaternary  alluvium  differs 
from  other  Quaternary  alluviiim  in  the  vicinity  by  being  very  weakly  con- 
solidated, by  having  a light  desert  varnishi  that  gives  it  a darker  tone, 
and  by  supporting  slightly  more  vegetation. 

Basaltic  gravel  mosaic  (Qbg).-  At  the  north. end  of  the  Lavic  lake- 

bed,  a mosaic  of  angular  aa  and  blocky  basalt  cobbles  and  pebbles  is 
found  on  the  lake  sediments.  The  limited  size  of  the  fragments  and  their 
location  above  a buried  flow  suggest  that  they  originated  by  vertical  ice 
rafting  during  periods  of  winter  flooding  in  the  lake.  The  surface  of 
the  mosaic  is  quite  variable  in  development.  The  age  of  the  mosaic  is 
probably  Recent. 

Alluvium  (Qa).-  The  most  recent  sediments  are  widespread  detrital  

materials  at  lower  elevations  that  range  in  size  from  cobble  gravel  I 

through  pebbly  coarse  sand  to  sand  and  si3.t.  The  heterogeneity  of  the 
sediments  is  a function  of  its  multiple  sources.  However,  local  extremes 
in  detrital  composition  result  in  nearly  distinct  alluvium  subunits. 


Structure  |: 

Faults.-  The  Pisgah  fault,  a major  fracture  zone,  is  the  dominant 
structural  feature  of  the  area.  The  fault  extends  along  the  western 
boundary  of  the  area  and stri^  N 22°  W near  Sunshine  Cone,  but  gradually 
curves  to  about  N 4o°  W near  U.S.  Route  66  on  the  northwest  where  it-  -, 
passes  under  alluvium  (fig.  iO-3).  The  fault  continues  south-southeast 
from  the  Sunshine  flows,  where  the  fault  is  Icovered  by  a large  alluviijim  i 
fan  and  then  reappears  in  the  ^llion  Mountains  where  the  fadlt  becomes  ' 
an  echelon  with  the  Bullion  Mountain  fault  before  dying  out.  A dextral 
en  echelon  discontinuity  appears  also  to  be  developed  near  U.S.  Route  66, 
With  a 0.2-mile  offset  of  the  fault  trace.  ““  ■ 

Near  the  north  end  of  tie  Sunshihe  lavar  fieM^^^  in  the  center  of 
sec.  30,  T 7 N,  R 6 E,  the  fault  was  observed  to  be  essentially  vertical 
■Without  any  local  indication  of  relative  movement  direction . To  the 
south- southeast  where  the  fault  cuts  the  main  body  of  lava,  the  fault  is 
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splayed  and  highly  irregular.  The  east  wall  is  downdropped  about 
250  feet,  and  the  structure  appears  to  he  a faulted  monocline.  The  fault 
at  depth  here  is  probably  vertical,  but  the  fractures  in  the  flows  tended 
to  splay  and  propagate  upward  in  the  direction  of  the  downthrown  block 
(ref.  10-15).  There  is  a possibility  that  the  lava  flowed  over  the  de- 
veloping fault  at  an  early  stage,  but  the  relatively  steep  repose  angle 
of  the  original  second  lava-flow  surface > strongly  suggests  that  deforma- 
tion was  primarily  responsible  for  the  present  topographic  situation. 

In  this  vicinity,  an  apparent  right  lateral  displacement  of  the  contact 
between  the  older  and  younger  Sunshine  flows  and  of  the  drainage  across 
the  younger  flow  suggests  that  the  same  stresses  were  present  as  in  the 
San  Andreas  fault  system  far  to  the  west,  A postear ly  Sunshine  erup- 
tion dextral  movement  of  0.5  mile  is  indicated  by  displacement  of  the 
faulted  cone.  This  vector  is  also  implied  by  the  fracture  pattern  on 
the  younger  flow  (fig.  10-3). 

At  the  southern  end  of  Peter’s  Mountain,  a small  graben  is  associ- 
ated with  .the  f ault , and  the  southwestern  side  of  the  fault  becomes  dis- 
placed relatively  downward.  Where  the  fault  cuts  the  Pisgah  flows  to 
the  northwest,  the  relative  displacement  is  reversed  twice  more. 

The  Pisgah  fault  was  active  during  part  of  the  periods  of  eruption, 
at  least,  of  the  Sunshine  and  Pisgah  flows.  This  is  indicated  by  marked 
faulting  of  a cone  and  associated  lavas  of  the  first  sequence  of  Sunshine 
flows  and  by  minor  faulting  of  the  first  and  third  Pisgah  flows  with  the 
development  of  tumuli  before  final  cooling  of  both  flows.  The  deflection 
of  the  first  and  second  Pisgah  flows  around  the  base  of  Peter’s  Mountain 
on  the  southeastern  margin  of  the  lava  field  indicates  that  most  of  the 
deformation  had  occurred,  prior  to  Pisgah  time. 

On  the  east  side  of  Peter’s  Mountain,  a topographic  scarp  and  asso- 
ciated slickensides  denote  a vertical,  generally  north— trending  fault, 
the  Peter’s  Mountain  fault,  that  probably  extends  from  under  the  north 
margin  of  the  Sunshine  basalt  northward  to  beneath  the  Pisgah  flows. 
Slickensides  on  the  fault  plunge  50°  due  north,  indicating  both  lateral 
and  vertical  components  of  displacement  during  the  last  movement. 

Between  the  Peter’s  Mountain  fault  and  the  Pisgah  fault,  the  Terti- 
ary volcanics  and  gravels  are  severely  cut  by  numerous  short  faults  of 
generally  high  angle  and  limited  displacement . One  of  these  faults , 
which  intercepts  the  Pisgah  fault,  also  cuts  the  older  Sunshine  flow. 

Many  more  faults  exist  in  this  area  than  are  shown  on  the  map., 

Two  noticeable  faults  are  found  north  of  the  Pisgah  lavas.  These 
strike  about  N 10°  W,  appear  to  be  relatively  downthrown  on  the  east 
side,,  and  probably  dip  east  at  a moderately  steep  angle.  Other  minor 
faults  in  this  vicinity  have  been  found  in  clay  quarries  by  Dibblee 
(ref,  10-4). 
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Wise  (ref.  10-6)  has  mapped  a fissiirelike  fault.  approximate3.y 
1 mile  in  length  in  the  southern  part  of  the  youngest  Pisgah  flow  that 
strikes  north-northwestward  and  has  a downthrown  southwest  wall 
(fig.  iO-3 ) . Dextral  en  echelon  offsets  suggest  that  a weak  right  lat- 
eral component  of  strain  was  present.  Movement  along  the  fault,  as  ex- 
pressed in  the  basalt,  has  been  negligible,  and  it  could  represent 
cauldron  subsidence  governed  in  its  direction  by  regional  stress  or,  more 
likely,  differential  movement  of  lava  below  a solidified  crust. 

Folds.-  Aside  from  the  monoclinal  fold  on  the  Sunshine  lava,  de- 
scribed in  the  foregoing  section,  there  is  little  other  folding  present. 
Dibblee  (ref.  10-1+)  has  mapped  dips  that  suggest  the  presence  of  a gentle 
northwest-trending  closed  anticline  underneath  a mask  of  alluvium  in 
secs.  23  and  26,  T 8 N,  R 5 E which  would  be  about  1 mile  long  in  surface 
expression  (ref.  10-4,  map).  Other  dips  in  the  area  suggest  that  other 
minor  fold  structures  are  present,  but  incomplete  outcrops  and  scale  con- 
siderations prevent  their  delineation  on  figure  10-3.  This  deformation 
in  the  older  Quaternary  sediments  is  not  reflected  in  the  Pisgah  flows. 


INSTRUMENTATION 


Aerial  IR  surveys  were  flown,  using  airborne  scanning  radiometers 
which,  with  appropriate  bandpass  filters,  were  sensitive  to  the  4.5y  ito 
5.5y  and  8y  to  l4p  regions  of  the  electromagnetic  spectrum.  Both  wave- 
length bands  coincide  with  transmission  '‘windiows"  in  the  atmosphere.  The 
latter  band  corresponds  with  the  region  of  maximum  earth  emission  for 
normal  surface  temperatures.  Fischer  and  others  (ref.  10-9)  summarize 

the  basic  IR  scanning  technique  as  used  in  the  Pisgah  study. 

1 ‘ ' 

I . 

An  AN/AAS-5  IR  scanner  was  used  with  a dielectric  filter  toi obtain 
imagery  in  the  4.5p  to  5»5M;band  during  the  February  1965  survey.  The 
detector,  an  InSb  intrinsic i photoconductor , was  cooTed  with  liquid  nitro- 
gen. The  field  of  view  of  the  scanner  was  limited  to  80°  because  of  a 
two-channel  scanning-mirror-system  configuration.  The  second  channel 
recorded  the  visible  spectrum  by  means  of  a photomultiplier. 

Imagery  in  the  8y  to  l4y  ,band  was  obtainedj  with  an  IHRB-Singer  scan- 
ning radiometer  during  the  February  I965 and  thk  August  I966  surveys. 

The  detector  used  in  this  instrument  was  a GEiHg  extrinsic  photoconductor 
cooled  by  a helium-charged,  closed-cycle  refrigeration  system  and  filtered 
to  receive  only  the  81J  to  l4y  radiation.  , 


Infrared  imagery  was  acquired  at  4— hour  intervals  to  observe  th^ 
changes  in  the  relative  apparent  temperature  of  the  variou^s  terrain  units 
in  a diurnal  cycle.  Because  of  detector  problems  in  both  ^scanhers  and  ' 
because  of  a noisy  power  supply  during  the  initial  February  1965  survey 
by  NASA  aircraft , the  imagery  from  that  flight  for  the  most  part  was  un- 
usable. However,  the  8u  to  l4y  imagery  obtained  during  the  August  I966 
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mission  by  the  U.S.  Geological  Survey  was*  in  general,  satisfactory. 
Noticeable  distortion  because  of  incorrect  vertical -to-horizontal  ratio 
setting  was  insufficient  to  detract  from  the  value  of  the  imagery. 

Ideally,  it  would  have  been  preferable  to  record  the  detector  signal 
on  tape  for  later  printing  on  film.  The  tape-recording  technique  pre- 
serves a dynamic  range  approximately  seven  times  that  directly  printed 
on  film  (W.  A,  Fischer,  oral  communication,  I965).  Under  normal  terrain 
temperature  ranges,  as  at  Pisgah,  all  contrasts  could  have  been  recovered 
through  the  laboratory  print-out  of  the  tape  signal,  although  the  com- 
plete range  may  not  have  been  within  the  gray  scale  of  the  film  on  which 
the  imagery  was  printed.  Also,  direct  recording  on  film  is  susceptible 
to  exposure  variations  during  the  survey  and  in  film  processing. 

INTERPRETATION  OF  THE  INFRARED  IMAGERY 

Infrared  imagery  in  the  8p  to  l^+y  band  was  flown  August  4 and  5, 

1966,  over  three  flight  lines  (fig.  10-2),  commencing  about  20:00, 

August  k and  at  approximately  4-hour  intervals  thereafter,  covering  a 
complete  diurnal  cycle.  The  vertical-to-horizontal  setting  of  the  scanner 
was  set  too  low  for  all  flights,  but  the  error  does  not  significantly  af- 
fect the  geological  interpretation.  One  result  is  an  exaggerated  longitu- 
dinal scale  in  relation  to  the  lateral  scale.  Because  of  this  distortion, 
no  attempt  was  made  to  provide  a general  scale.  Geographic  locations  can 
be  obtained  by  viewing  the  geologic  map  photomosaic  (fig.  10-3)  and/or  the 
location  map  (fig.  10-2). 

An  examination  of  the  imagery  shown  on  figures  10-l4  to  IO-I6  shows 
that  the  midnight  and  presunrise  images  are  essentially  the  same  with 
slightly  more  contrast  available  on  the  midnight  image.  The  midday 
images,  obtained  under  maximum  solar  heating  conditions,  show  the  most 
textural  contrast  within  the  basalt  flows,  while  the  post sunset  images 
provide  the  greatest  contrast  between  basalt  bedrock  and  the  alluvial 
formations.  Differential  heating  of  eastern  and  western  slopes  because  of 
low  sun  angles  is  noticeable  on  the  post sunrise  morning  and  presunset 
afternoon  images,  respectively. 

Imagery  of  flight  line  1 which  covered  the  main  area  of  study,  in- 
cluding Pisgah  Crater,  its  flows  to  the  south,  and  Lavic  Dry  Lake,  is 
shown  on  figure  10-l4.  Boundaries  between  the  different  types  of  basalt 
surfaces , which  correspond  in  places  to  the  separately  mapped  flow  units , 
are  noticeable  to  some  degree  on.  all  of  the  flights.  Examples  of  the^  ^ 
contrasts  between  the  first,  second,  and  third  Pisgah  flows  are  best 
shown  on  the  20:10,  08:27,  and  12:02  flight  images^  'These  flows  are 
labeled  1 , 2 , and  3 , respectively , on  figure  10-14 . On  the  20 : 10  image , 
the  contrast  is  caused  by  textural  rather  thnn  by  tonal  (thermal)  dif- 
ferences between  the  flows  with  small  playa  pockets  in  the  third  flow 
providing  the  texture.  The  term  "texture"  is  used  here  in  its  photo- 
interpretation  sense,  and  as  defined  by  Colwell  (ref.  IO-I6,  p.  538),  is 
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"the  freciuency  of  tone  change  within  the  images."  Flow  2 is  slightly 
warmer  than  flow  3 at  20; 10,  but  the  reverse  is  true  at  08:2T  and  12; 02, 
for  which  thermal  contrast  is  dominant.  A probable  explanation  of  this 
phenomenon  is  that  solar  radiation  during  the  day  is  not  reflected  from 
the  aa  to  the  extent  that  it  is  on  the  pahoehoe  because  of  its  roughness 
and  somewhat  darker  color,  thus  causing  the  absorption  of  more  solar 
photons  and  consequently  greater  heating.  The  cavernous  structure  of 
the  rough  aa  also  makes  it  behave  more  like  a blackbody , but  this  struc- 
ture also  causes  heating  of  the  rock  to  a greater  depth  because  of  the 
structure's  larger  integral  surface  area.  The  pahoehoe,  however,  has  a 
smoother,  lighter,  and  consequently  more  reflective  surface  which  would 
tend  to  absorb  less  radiation  and  restrict  that  heat  absorbed  to  a shal- 
lower depth.  This  would  account  for  the  higher  radiant  temperat\a*e  of 
the  pahoehoe  during  periods  of  illumination,  as  shown  during  the  08;27, 
12;02,  and  l6;l6  flights  (fig.  10-li|). 

Because  the  aa  and  pahoehoe  textures  are  not  restricted  entirely  to 
individual  flow  units  and  because  blocky  intergradations  are  common  be- 
tween the  two  types  of  textures,  the  units  cannot  be  entirely  delineated. 
Where  two  different  flow  units  are  adjacent  and  have  the  same  surface 
texture,  it  is  not  possible  to  differentiate  them  on  the  imagery.  The 
minor  differences  in  mineral  composition  and  degree  of  crystallinity 
between  the  units  are  alone  insufficient  to  produce  significant  varia- 
tions in  thermal  parameters.  Surface  texture  of  the  lava,  which  is  pri-  , 
marily  a function  of  the  temperature  of  extrusion,  would  cause  changes 
that  would  override  or  mask  air^r  changes  brought  about  by  differences  in 
composition.  The  large-scale  secondary  textdre  resulting  from  the  pres- 
ence of  detrital- filled  collapse  structures  on  the  dominantly  pahoehoe 
crust  of  the  first  flow  is  a strong  differentiating  feature,  especially 
on  imagery  that  shows  the  greatest contrast  between  bedrock  and  detritus. 

The  Pisgah  Cone  (p  in  fig.  10-l4),  |Whjich  is  composedi  of  scoriaceous 
basaltic  glass  and  piamice,  shows  to  ■advantage  bn  the  20;  10  image  soon 
after  sunset.  The  fragmented,  porous  pyroclastic  material  acts  as  an 
insulator  and  cannot  conduct  the  solar  heat  input  much  below  the  immedi-  .. 
ate  surface.  As  a consequence,  the  thermal  input  is  concentrated  at  the 
surface,  and  its  radiant  temperature  is  the  highest  of  all  the  terrain 
units,  as  seen  in  the  middayr  (12:Q2)  image.:  As  soon  as  the  solar  illumi- 

nation is  removed  at  sunset, the  high  radiance  disequilibrium  between  the 
pumice  and  the  cold  sky  causes  the  pumlde  to;  cool  rapidly.  The  insula- 
ting property  of  the  material  and  its  jemall  t^s  prevented  at  from  becom- 
ing a heat  sink  of  any  consequence  in  compar is  bn.,  with  the  “surrounding 
basalt  flows,  which  have  a decidedly  higher  thermal  inertia.  The  diurjnal 
radiant-temperature  variation  relationship  between  the  scoriacebus..p^ 
and  the  pahoehoe,  as  shown  on^the  imagery,  -coincides  with  the  relation- 
ships established  with  ground~ha^^^^  radiometers.  At  12; 02,  the  radiant  j ■ 
temperature  ibf  the  pumice  was  recorded  and  the  nearby  pahoehoe 

of  flow  3 was  recorded  at  C — a difference  of  T®  C.  Prior  to  sun- 
rise at  04;l8,  the  radiant  temperature  of  the  pumice  was  23*^  C,  and  the 
basalt  was  warmer  at  26°  C — a difference  of  only  3°''C. 
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The  thin  alluvial  wash  of  pumice  immediately  southeast  of  the  Pisgah 
Cone  (Qpa  on  fig.  10-3  and  a on  fig.  10-l4)  reacts  thermally  in  the  same 
manner  as  its  source  material.  The  presence  of  thin  alluvial  wash  is 
not  readily  apparent  on  conventional  photography,  but  its  thermal  con- 
trast is  easily  seen  on  the  imagery. 

The  partially  collapsed  lava  tube  located  immediately  east  of  the 
Pisgah  Cone  (t  in  fig.  10-l4  and  fig.  10-9)  remains  warm  and  i^  notice- 
able on  the  imagery  flown  between  sunset  and  sunrise  (20:10,  00:46,  and 
04:l8).  The  depressions  formed  by  the  collapsed  roof  act  somewhat  as  a 
blackbody  cavity  where  radiation  is  exchanged  between  the  walls,  retain- 
ing the  heat  longer  before  ultimately  radiating  it  out  to  the  cold  sky. 
The  alinement  of  the  partially  exposed  tube  is  easily  delineated  on  the 
IR  image,  whereas  it  is  unnoticeable  on  conventional  photography  of  the 
same  scale.  During  the  daytime  flights  (08:2T,  12:02,  and  l6:l6),  the 
collapsed  portions  are  observable  because  of  their  cool  rim  shadows. 

The  same  diurnal  relationships  hold  for  the  deeply  fissured  area  about 
0.5.  mile  south-southeast  of  the  cone  (f  on  fig.  10-l4). 


A roughly  circular  area,-  distorted  to  an  oval-shape,  is  centered 
at  c on  the  images  of  figure  i0-l4.  Its  outline  jis  best  seen  on  the 
20:10,  08:2T,  and  12:02  flights, and  it  is  characterized  by a cooler  rim 
on  the  first  flight  and  a warmer  rim  on  the  latter two  flights.  The 
northwest  margin  is  defined  by  several  small  vents,  and  the  remaining 
margin  is  defined  by  pressure  ridges  and  surface  differences  in  the 
basalt.  These  features,  which  are  not  noticeable  on  conventional  photog- 
raphy, may  represent  a minor  subsidence  area  over  an  abnormally  thick 
portion  of  the  second  Pisgah  flow. 

The  effects  of  \i-indblown  sand  and  silt  on  the  basalt  north  of  Pisgah 

Crater  are  noticeable  only  on  the  nocturnal  imagery  (s  on  fig.  10-14; 

20:10,  00:46,  and  Q4::18  flights).  Enough  windblown  material  mantled  the 
basalt  to  significantly  raise  its  albedo  diirin/g;  the^  period  of  solar  heat- 
ing. As  a result,  the  area  is  much  cooler  than  the  surrounding  unmantled 
basalt.  A wind-scoui’ed.  area  on  the  older  fanglomerate  and  gravel  to  the 
northwest  of  this  area  (v  on  the  20:10  image,  fig.  10-l4)  shows  tip  warmer 
on  the  nocturnal  imagery  because  the  residual  coarser  material  left  be- 
hind as  a result  of  deflation  has  a higher  thermal  inertia,  ihat: 4s , "a 
better  capability  to  store  solar  heat.  The  darker  color  of  the  area, 
caused  by  a slight  idesert^  varnish  in  comparisoh  tb  the  normal  fanglomerate 

surface,  lowered  the  albedo  of  the  area  during  the  day,  whieh  albo  re- i " 

suited  in  greater  heating  during  the  day.  On  the  midday  image  (v  on  the 
12:02  image,  fig.  10-l4),  this  same  area  ls  slightly  cooler  than  the  nor- 
mal surface,  presumably  because  of  the  ability  of  the  area  to  absorb 
solar  heat  in  the  coa/r-ser  residual  fractions  of  the  gravel. 


The  Tertiary  basalt  on  the  east  side  of  the  Pisgah 
the  20:10  image,  fig.  10-l4)  reacts  thermally  in  general; 
ner  as  the  Pisgali  basalt  throughout  the  diurnal  cycle. 


lava  field  (b  on 
ly  the  same  man- 
The  original 
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surface  has  been  eroded,  and  the  present  surface  is  smoothed  as  a result 
of  weathering  rubble  which  serves  to  distinguish  this  formation  from  the 
Pisgah  lavas.  As  with  the  Pisgah  flows,  the  Tertiary  basalt  is  best 
differentiated  from  the  enclosing  gravel  formation  and  recent  alluvium 
on  the  20:10  image  (fig.  10-lh). 

Lavic  Dry  Lake  (L  on  fig.  10-l4)  exhibits  much  more  detail  on  the 
IR  imagery  than  on  conventional  photography,  especially  when  the  latter 
is  optimally  exposed  for  all  terrain  features.  All  images  show  evidence 
of  crude  zoning  in  the  lakebed.  There  is  a cool,  fairly  well  defined 
margin  that  extends  dis continuously  northward  along  the  basalt-fan  con- 
trast to  the  neck  of  the  Pisgah  lava  field.  A slightly  warmer  interior 
zone,  which  is  restricted  to  the  lakebed  proper,  includes  an  ill-defined 
area  characterized  by  a warm  reticulate  pattern, 

The  east  side  of  the  lakebed,  which  is ; especiallyi  cool,  was  muddy 
and  moist  from  a recent  desert  rainstorm.  Because  of  the  remoteness  of, 
the  Pisgah  area,  no : local  data  are  available  on  the  ocburrence  of  pre- 
cipitation. Howeveh,  it  appears  that  a heavy  train  j£ell.  about  3 days  i 
prior  to  the  survey  to  the  east  of  the  Pisgah  area  in  the  Bullion  Moun-i  i 
tains.  The  moist,  braided  channe3.s  on  the  fan  carried  the  run-off  to  the 
Lavic  basin,  and  the  lakebed  margin  with  its  high  silt  and  fine  sand 
content  appears  to  have  absorbed  this  run-off  before  it  encroached  on  the 
less  permeable  clay-rich  interior. 

The  extremely  cool  nature  of  the  eastern  lake  margin is  a function 
of  many  conditions,  including  the  recency  of  the  rainfall  that  provided 
the  moisture,  the  high  degree  of  saturation  which  resulted  in  a Jhigh-heu^ 
capacity  'and  conductivity,  and  the  dissipation  of  solar  heat 'by  the 
latent  heat  of  vaporization  of  the  water.  The  high  saturation  and  darker 
color  therefrom  causes  the  eastern  margin  to  become  a heat  sink,  but  the 
latent  heat  of  vaporization  of  the  moisture  prevents  the  surface  from 
heating  as  much  as ’ the  drier  parts  of  the  playa  during  the  period  of  in- 
solation, As  a result,  it  remains  the  coolest  terrain  in  the  area 
throughout  the  diurnal  cycle.  The  'other  margins  of  the  playa  are  only 
slightly  warmer  than  the  eastern  margin,  but  are  generally  cooler  than 
the  interior  zone.  This  remaining  portion  of  the  perimeter  zone- may  be 
thermally  affected  by  groundwater  entering  the  playa' beds  from  the  bor- 
dering alluvial  fans.  The  general  absence  of  a cooler  margin  along,  the v 
Pisgah  flows  appears  to  support  this  hypothesis. 

The  slightly  warm  reticulate  pattern  (d  on  fig.  lO-li^)  is  visible  i , 
against  a cooler  backgrohhd  to  highly  varying  degree  in  all  images from 
flight  lines  1 (fig.,  10-li+)  and  2 (fig.  10-15 The  relatively  warn  ' . , 
lines  that  make  up  the  net  like  i pattern  are  sldjghtly  moist  stripes  that 
form  the  boundaries  of  giant  desiecation  polygons  (fig.  10— 12).  The 
darker  color  of  the  lines  resulting  from  their  slightly  moist  condition 
provides  a lower  albedo  for  greater  heating  during  the  day.  The  minor 
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moisture,  which  may  be  in  whole  or  part  hygroscopic  and/or  intermolecular , 
is  probably  insufficient  and/or  too  inefficient  to  reduce  solar  heating 
by  vaporization.  The  low-moisture  effect  of  lowering  the  albedo  there- 
fore appears  dominant  in  this  case.  Near  the  southern  margin  (v  on  the 
12:02  image,  fig.  10-l4),  dry  brushy  vegetation  and  associated  dry  phreat- 
ophyte  mounds  are  alined  along  many  of  the  polygon  boundaries.  The  dark 
color  of  the  vegetation  and  dryness  of  the  underlying  mounds  combine  to 
produce  a target  warmer  than  the  background  at  midday  (12:02  image, 
fig.  10-l4). 

The  cool  background  to  the  polygonal  pattern  appears  anomalous , but. 
the  playa  in  this  area  consists  primarily  of  tannish-white,  well-compacted 
clay  which  would  be  expected,  from  albedo  and  moisture  considerations, 
to  be  cooler  than  the  stripes . The  other  warmer  portions  of  the  interior 
zone  may  reflect  the  thermal  behavior  of  a puffy  and/or  shardlike,  mud- 
cracked  surface  found  on  much  of  the  playa  bed. 

It  might  be  expected  that  thermal  behavior  of  the  lake  sediments 
would  change  radically  with  a significant  change  in  the  amount  and  dis- 
tribution of  contained  moisture  on  the  surface  and  with  depth  and  that 
thermal  behavior  of  the  lake  sediments  would  change  with  the  mineralogy, 
grain  size,  and  distribution  of  the  medium  holding  the  moisture,  which 
in  turn  would  control  the  albedo,  the  manner  in  which  the  moisture  is 
held,  and  the  rate  of  release.  The  presence  of  salts  concentrated  by 
evaporation  and  the  retention  of  intermolecular  water  in  certain  clay 
minerals  would  have  a further  modifying  effect.  With  all  of  these  pos- 
sible physical  variables,  it  is  not  surprising  to  find  complex  thermal 
patterns  on  the  imagery  of  Lavic  Dry  Lake  through  the  diurnal  cycle.  It 
would  also  hold  that  seasonal  variations  in  these  patterns  would  be  com- 
monplace because  of  these  factors  and  the  changes  of  the  surface  by  the 
development  of  mud  crack  plates  in  extreme  desiccation.  The  effects  of 
moisture  req.uire  further  detailed  study  because  the  degree  of  saturation 
governs  the  heat  capacity  and  thermal  conductivity,  and  saturation  affects 
the  albedo  of  porous  terrain. 


On  the  north  side  of  the  Lavic  lakebed,  the  basaltic  gravel  mosaic 
(g  on  the  00:ii6  image,  fig.  10-1^)  stands  out  on  the  nocturnal  images 
with  a warm  rim  surrounding  a generally  cooler  interior.  During  the  day, 
the  mosaic  acts  thermally  in  the  same  manner  as  the  Pisgah  basalt  to  the 
north.  The  gravel,  which  cohsists  of  angular  to  subangular  cobbles  and 
pebbles  of  vesicular  basalt,  is  spread  unevenly  on  the  playa  surface  and 
appears  to  overlie  a buried  flow  a few  inches  to  several  feet  below  the 
surface.  The  gravel  is  buried  in  or  covered  slightly  at  the  margin  which 
coincides  with  the  thermally  anomalous  rim.  The  high  temperature  jDf  „ the 
basaltic  gravel  is  expected  during  the  day  because  of  its  low  albedd, 
but  the  intimate  association  of  basaltic  gravel  with  the  playa  sediments 
prevents  significant  development  of  thermal  Inertia-  of  the  unit  ; and  like 
the  cone  material  where  thermal  content  is  limited -to  the  surface,  the 
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basaltic  gravel  cools  rapidly  after  sunset.  The  warm  rim  on  the  night 
images  appears  to  be  the  result  of  a higher  thermal  inertia  of  that 
portion  of  the  unit.  The  buried  gravel  at  the  margin  presumably  would 
give  off  its  heat  more  slowly  because  it  has  to  pass  through  a finite 
amount  of  playa  sediment. 

Flight  line  2 imagery  (fig.  10-15),  which  covers  a short  segment  of 
the  area  originally  outlined  for  detailed  study  (fig.  10-2),  duplicates 
some  of  the  area  previously  discussed  and  contains  some  features  better 
viewed  on  flight  line  3 imagery  (fig.  10-l6).  However,  flight  line  2 
imagery  offers  a good  comparison  of  the  alluvial  fans  on  the  east  and 
west  sides  of  the  Lavic  playa  and  a reiteration  of  some  features  dis- 
cussed under  flight  lines  1 and  3. 

The  alluvial  fan  on  the  east  side  of  the, Lavic  playa  (f  on  the 
12:10  image,  fig.  10-15)  exhibits  on  all  images  of -flight  line  2 the 
braided  channels  that  were  active  during  the  recent  precipitation  in 
the  Bullion  Mountains . The  strongest  contrast  of  the  moist  channels 
against  the  dry-fan  background  is  seen,  as  expected,  on  the  12:10  image. 
While  these  channels  are  also  visible  on  conventional  photography,  it  is 
believed  that  the  contrast  would  remain  longer  on  the  IR  imagery  as  the 
channels  slowly  dried  up. 

The  fan  between  the  Pisgah  and  Sunshine  flows  to  the  west  of  the  - 
playa  shows  no  evidence  of  recent  run-off,  as  the  eastern  alluvial  fan 
shows.  However,  on  daytime  images  ( 08 : 36,  12:10,  and  l6:24  images,  p 
fig.  10-15),  there  is  an  apparent  thermal  contrast  between  the  segment 
of  the  fan  that  borders  the  Sunshine  floWj  and  the  segment  bordering!  the 
Pisgah  flow.  The  southern  segment  of  the  fan,  which  appearh  slightly 
darker  from  the  air,  derives  most  of  its  detritus  from  the  nearby  out- 
crops of  basalt,  andesite,!  and  other  bedrock  oh  the  south  side  ofi  Peter's 
Mountain  (figs.  10-2  and  10-3).  j The  remaining  northern  se^ent:  of  the 
fan  has  as  its  predominant  source  the  older  fanglomerate  .gravels  ..on  the 
northeastern  part  of  Peter ' s;  Mouijitain.  ; These  | gravels  provided 'finer 
detritus  for  the  northern  part  of  the  fan  than  the  bedrock  source  pro- 
vided for  the  southern, part.  This  difference  is  manifested  by  thermai 
contrast  on  the  imagery,  with  the  slightly  coarser  southern  segment  of 
the  fan  appearing  a little  cooler  during  the  day  beoause  the  larger: 
average  gravel  size  enables  the  coarser  segment jtd  absorb  the  dolarj heat 
to  a slightly  greater  depth.  That  this  effect  is  minor  is  shown  by|  the 
lack  of  reverse  contrast  on  the  nighttime'  images.  Apparently  , the  slight 
ly  darker  color  of  the  southern  fan  segment  did  not  sufficiently  lower 
its  albedo  to  override  the  thermal  effect  brought  about  by  the  difference 
in  gravel  size.  3_:_j 


Along  the  contact  between  the  Pisgah  lava  field  and  the  alluvial 
fan,  a cool  drainage  channel  is  visible  on  the  daytime  images  (m  on  the 
12 : 10  image,  fig.  10-15 ) . The  channel  appears  to  have  its  origin  where 
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the  foot  of  the  fan  meets  the  lava  field  isthmus.  This  suggests  that 
groundwater  may  be  dammed  at  this  point  and  that  enough  moisture  is  pres- 
ent Just  below  the  surface  to  provide  a daytime  thermal  contrast. 

Flight  line  3 is  centered  on  the  Pisgah  fault,  about  3 miles  to  the 
southwest  and  parallel  to  flight  line  1 (fig.  10-2).  Imagery  from  flight 
line  3,  shown  on  figure  10-l6,  covers  a small  part  of  the  area  on  the 
east  flank  of  the  Sunshine  lava  field  that  was  originally  chosen  for 
detailed  study.  The  line  was  flown  to  obtain  information  on  the  expres- 
sion of  the  fault  on  the  imagery  and  on  the  thermal  behavior  of  rock 
types  in  this  part  of  the  area.  With  the  exception  of  the  last  flight 
at  16:09,  which  had  shadows  of  a few  scattered  clouds  (c  on  the  l6:09 
image,  fig.  10-16),  the  imagery  is  free  of  such  natural  detractions. 

The  electronic  deficiencies  present  on  the  north  ends  of  the  08:19  and 
11:55  images  (fig.  10-l6)  necessitated  a shortening  of  the  interpreted 
portion  of  the  flight  line. 


The  Sunshine  lava  flow  sequences,  shown  as  1 and  2 on  the  flight 
line  3 imagery  of  figure  10-l6,  may  be  differentiated  to  some  degree  on 
most  of  the  images.  However,  the  best  contrast,'  resulting  from  the 
differences  in  the  degree  of  surface  uniformity  jbetween  the  flows,  is  i: 
seen  on  the  midday  imagery  (ll: 55  image,  fig.  10-l6).  This  effect  is 
slightly  noticeable  on  the  08:15  image  also.  On  the  nocturnal  imagery, 
the  main  difference  between  the  first  and  second  flow  sequences'  appears 
to  be  that  a warm  veining  of  drainage  is  noticeable  on  the  first  sequence 
but  is  somewhat  obscured  by  background  in  the  second  sequence. 

The  basaltic  pumice  of  Sunshine  Cone  (the  southernmost  p on  the 
20:03  image,  fig.  10-16)  and  of  the  other  cones  associated  with  the  Sun- 
shine flows  behaves  thermally  in  the  same  manner  as  the  pumice  of  Pisgah 
Crater.  The  alluvial  pumice  from  these  cones  and  other  basaltic  detritus 
(a  on  the  images  of  fig.  10-l6)  are  easily  delineated  on  the  nocturnal 
imagery,  as  similar  materials  are  on  flight  line  1 (fig.  10-l4). 

The  northernmost  pumice  found  in  place  in  the  Sunshine  lava  field 
(p  on  the  west  side  of  the  20:03  images, ! fig.  10-l6)  was  found  to  be  the 
western  half  of  the  faulted  cone  found  displaced  0.5  mile  to  the  south 
on  the  east  side  of  the  Pisgah  fault.  This  outcrop  is  difficult  to  de- 
termine on  aerial  photographs,  but  is  easily  discerned  on  the  nocturnal 
imagery . 

I I i i 

The  Pisgah  fault  (Pf  on  the  20:0j3  ilmage, 'fig.  l0-l6)  shows  on  the 
early  morning  imagery  iOOikl  and  0l+:lit  images,  fig.  10:16)  as  a relative- 
ly warm  network  of  fine  lines  in  detail  not  observable  on  photography. 

The  warm  natur e of  the  fault  zone  appears  to  be  caus  ed  by  large  rubble- 
lined  crevices  and,  in  many  places , by  blocky  scree  where  voids  act  much 


like  blackbody  cavities.  The  cavity  walls  lose  their  radiant  heat  more 
slowly  than  the  surrounding  basalt  after  sundown  because  of  sustained 
radiation  interchange  between  the  walls  before  ultimate  cooling  to  the 
sky.  This  is  the  same  effect  that  causes  the  warm  streaks  shown  in 
collapse  depressions  of  lava  tubes  and  fissures  near  Pisgah  Crater. 

The  best  distinction  between  the  basaltic  rocks  and  the  surrounding 
alluvium  is  on  the  20:03  (fig.  10^l6)  postsunset  image,  as  was  the  case 
in  flight  line  1 (20:10  image,  fig.  10-l4).  The  Tertiary  basalt  (b  on 
the  20:03  image,  fig.  10-l6)  on  top  of  Peter’s  Mountain  and  along  its 
northeast  flank  behaves  in  the  same  way  as  its  eastern  correlative  shown 
on  flight  line  1 (b  on  the  20:10  image,  fig.  10~l4).  This  older  basalt 
has  a physically  weathered  surface,  and  the  float  hides  the  exact  con- 
tact with  the  enclosing  gravels.  Other  bedrock  features  on  the  sojuth  i 
end  of  Peter’s  Mountain  do  not  show  well  enough  to  be  differeritiated;. 

The  warmer  ill-defined  gravel  unit  on  the  east  side  of  the  mountain 
seen  in  the  nocturnal  imagery  is  the  fanglomerate  of granitic  detritus. 
This  fanglomerate  is  older,  darker,  and  more  compact  than  the  gravels 
bordering  it  to  the  west  and  can  absorb  slightly  more  heat  during  the 
day  (Cf  on  fig.  10-3).  The  northwestern  tip  of  the  dissected  gravel  of 
Peter’s  Mountain  is  as  warm  as  the  older  gravel  unit on  the  east  side 
and  may  be  either  the  same  material  or  a facies  difference  in  the  main 
mass  of  younger  gravel  that  makes  up  the  mountain. 

I 

On  the  small  bajada  just  west  of  Peter’s  Mountain  a thin  |cool  area 
is  noticeable  along  one  drainage  (m  on  the  2G):Q3  arid  11:55  images, ^ 
fig.  10-l6).  This  thin  cool  area  occurs  at  the  lower  end  of  a l,ong 
drainage  from  the  mountain  and  may  be  either  the  result  of  higher  mois- 
ture in  the  immediate  subsurface  or  of  its  fresh,  unvegetated  nature,  or 
of  both  factors.  The  cool  area  shows  on  older  photographs  of  the  area, 
but  does  not  differ  here  from  drainages  nearby.  This  suggests  that 
moisture  may  be  the  main  cause. 


CONCLUSIONS 


The  aerial  infrared  survey : of- the  Pisgah  Grater  area  resulted  in 
8y  to  ity  band  infrared  imagery  that  provided  useful  geologic  informa- 
tion to  complement  data  obtained  from  ground  stud.ies  and  aerial  photog- 
raphy, i hr: 

A series  of  thermal  contrasts  representative  of  those  found  through 
the  diurnal  cycle  was  acq_uired  during  three  of  the  six  flight  periods:  J 
at  about  20:00  (postsunset),  04: 00  (presunrise),  and  12:00  (midday). 

No  single  imaging  period  provided  or  can  provide  all  of  the  relative 
thermal  contrasts  potentially  present  in  the  area.  However,  the  largest 


amount  of  information  on  geologic  thermal  parameters  from  a single  imag- 
ing period  was  obtained  from  imagery  flown  shortly  after  sunset,  when 
optimum  thermal  contrast  occurred  between  the  terrain  materials.  At  this 
time,  thermal  contrasts  are  best  seen  between  bedrock  and  alluvium  and 
between  basalt  flows  and  pyroclastics  and  their  derivatives. 

Midnight  and  presunrise  images  are  similar,  and  one  flight  period 
within  this  time  period  would,  in  most  cases,  satisfy  the  requirement 
for  both  periods.  These  nocturnal  images  show  more  detail  of  the  Pisgah 
fault  where  it  cuts  the  Sunshine  flows  than  is  normally  seen  on  aerial 
photographs  of  the  area.  The  discovery  of  a faulted  outcrop  of  pumice 
on  imagery  of  the  Sunshine  flow  was  instrumental  in  determining  a lateral 
displacement  of  0.5  mile  on  the  Pisgah  fault. 

Distinction  of  the  Pisgah  flows,  which  depends  primarily  on  a dif- 
ference in  surface  character  between  adjacent  flow  units,  is  made  on 
the  basis  of  thermal  (tonal)  contrast  on  the  daytime  images,  and  the 
distinction  is  best  seen  on  the  late-morning  and  midday  images.  The 
postsunset  image  shows  this  distinction  of  flows  to  a lesser  degree  with 
a difference  in  image  texture,  that  is,  with  the  frequency  of  tone  change 
within  the  image. 

Collapsed  lava  tubes  and  fissured  areas  in  the  Pisgah  flows  are 
distinguished  as  relatively  warm  streaks  on  the  nighttime  images  because 
of  a blackbody  cavity  effect,  but  appear  as  relatively  cool  areas  during 
the  day. 

; j 

The  imagery  of  Lavic  Dry  Lake  reveals  crude  zoning  and  other  fea- 
tures in  more  detail  than  can  be  found  with  other  imaging  sensors. 
Moisture  appears  to  be  the  primary  factor  that  controls  the  thermal  be- 
havior of  this  and  some  of  the  surrounding  alluvial  environment.  The 
presence  of  moisture  outlined  active  drainage  channels  on  an  alluvial 
fan  and  indicated  other  areas  of  near  surface  drainage.  The  complex 
role  of  moisture  in  these  environments  is  incompletely  known  at  present 
and  requires  further  detailed  study  because  the  degree  of  saturation 
governs  the  best  capacity  and  thermal  conductivity  and  affects  the  albedo 
of  porous  alluvial  terrain. 

The  empirical  interpretation  as  presented  in  this 'report  indicates 
that  infrared  imagery  should  prove  to  be  a useful  tobl  in  geologic  field 
mapping.  The  data  can  bring  the  geologist’s  attention! to  anomalous  fea- 
tures not  readily  apparent  in  the  visible  spectrum,  and  niany  valid  con- 
clusions can  be  reached  with  a minimum  of  field  verification. When  the 
infrared  scanning  technique  is  eventually  used  in  conjunction  with  other 
remote-sensing  systems,  the  integration  of  the  resulting  data-  should 
greatly  expand  the  capability  of  the  interpreter  by  providing  many  unique 
property  combinations  for  the  identification  of  terrain. 
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TABLE  lO-I.  - MODAL  ANALYSIS  OF  SUNSHINE  AND  PISGAH  BASALTS^ 

[W.  S.  Wise  (ref.  10-6)] 
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Note  the  importance  of  the  degree  of  crystallization  in  comparing 
these  modal  analyses.  The  tvo  samples  from  near  the  cinder  cones  are 
at  least  75  percent  glass  and  hiahhles,  while  those  collected  from  the 
end  of  the  flows  at  Layic  Dry  Lake  are  more  completely  crystallized. 

Both  samples  are  from  flows  in  the  center  of  the  test  strip  near 
the  shore  of  Lavic  Dry  Lake,  NEl/i+  sec.  29*  Each  is  an  average  of 
seven  2000-point  counts. 

These  two  samples  were  collected  in  the  center  of  the  main  test 
strip,  also  near  Lavic  Dry  Lake,  west  side  of  sec.  20.  Each  is  an  aver- 
age of  fo\ir  2000-po^at  counts. 

These  two  samples  are  from  0.25  mile  south  of  Pisgah  Cone.  Each 
is  an  average  of  eight  2000-point  counts.  " 
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Figure  10-1.-  Index  map  showing  location  of 
Pisgah  Crater  area. 


Figure  10-2.-  Index  Map  of  Pisgah  Crater  area«  San  Benardlno  County 

California. 
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Sunshine  lava  field  viewed  from  Lavic 
Dry  Lake. 


Figure  10-5.-  Pisgah  fault  scarp  with  tumulus  devel 
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Figure  10-6.-  Typical  pahoehoe  surface  of  first  Pisgah 
basalt  flow  (Qb^)  at  station  66-2  near  Lavic 
Dry  Lake. 


Figure  10-7.-  Fissured  aa  dome  in  first  Pisgah  flow 


Figure  10-8.-  iypical  aa  surface  of  second  Pisgah  basalt 
flow  (Qb2)  at  station  66-3  near  Lavic  Dry  Lake. 


Figure  10-9.-  Viev  of  collapsed  lava  tubes  in  pahoehoe 
basalt  of  third  Pisgah  flow  (Qb  ). 


Figure  10-11.-  Road  cut  in  slope  of  Pisgah  Cone  shoW' 
ing  surface  and  buried  silty  horizons. 
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Figure  10-12.-  lypical  moisture  stripe  boundary  of 
giant  desiccation  polygon  in  Lavic  Lake  near 
center,  section  27. 


Figure  10-13.-  Desiccation  cracks  in  Lavic  playa 
next  to  Pisgah  flow  at  station  66-2. 
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Figure  10-lU,-  Infrared  images  along  flight  line  1,  showing  changes  in  thermal  response  of 

rock  materials  throiighout  a diurnal  cycle. 
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Figure  lC-15.-  Infrared  images  along  flight  line  2,  showing  changes  in 
thermal  response  of  rock  materials  throughout  a diurnal  cycle. 
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Figiire  10-16.-  Infrared  images  along  flight  line  3,  showing  changes  in 
the.Tnal  response  of  rock  materials  throughout  a diurnal  cycle. 
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THERMAL  ANOMALIES  AND  GEOLOGIC  FEATURES  OF  THE 


MONO  LAKE  AREA,  CALIFORNIA,  AS  REVEALED  BY 

INFRARED  IMAGERY 

By  Jules  D.  Friedman 
U.S.  Geological  Survey,  Washington,  D.C. 


ABSTRACT 


The  Mono  Lake  area,  California,  was  selected'  for  airborne  infrared 
scanning  radiometer  experiments  b the  exposure  in  this  area  6f  ' 

a variety  of  lithologies  having  different  physical  and  thermal  proper- 
ties, as  well  as  a diversity  of  textural  and  morphologic  features;.  In- 
frared surveys  were  undertaken  in  I965  and  I966  to  meas-ure  variations 
in  infrared  emission  from  the  surface  in  the  il.5p  to^^  and  to  lily 

bands.  Areal  variations,  in  emission  from;  t lie  surface  were  registered  on 
film  as  differences  in  image  tbnal  dehsity. 1 In  addition,  variations  of 
surface  radiant  temperature  with  time  during  the  diurnal  cycle  were  re- 
corded at  several  selected  localities.  The  contrasting  thermal  patterns 
observed  can  be  grouped  as  follows: 

1.  Thermal  anomalies  caused  by  convective  heat  loss  detected  when 
the  temperature  difference  between  the  heat  source  and  surrounding  ter- 
rain was  maximal,  for  example,  hot  springs  and  a warm  effluent  at  Black 
Point  ■'“'v  \ I , 


2.  Daytime  radiant-temperature  differences  resulting  from  varia- 
tions in  the  incident  radiant  solar  flux  as  a function  of  microrelief 
and  morphology  of  the  surface  - “ 


3.  Nighttime  radiant-temperature  differences!  resulting  |frpm  eon- 
trasts  in  physical  and  thermal- properties  of  various  lithologdc..,u^ 
and  water  expressed  jas  diffei*ent  rates  of  change  ih  emission,  for  exam- 
ple, among  olivine  basalt  lapilli-ash  beach  deposits,  lacustrine  car- 
bonate deposits,  and  water  along  the  north  shore  of  Mono  Lake  at  Black 
Point  ■'  ■■  ^ ^ ^ ^ 


The  detectability  of  the  third  grodp-of  thermal  patterns-  in  the}' 
Mono  Lake  area  is  of  great  experimental  interest.  Nighttime  radiative 
heat  loss  is  dependent  upon  the  (l  - r /$)  ratio  as  a property  of 
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materials,  the  total  radiant  energy  incident  on  the  surface  during  day- 
time as  a function  of  topography,  and  integrated  emissivity  e as 

a function  of  surface  roughness  and  blackbody  cone  effects  (and,  to  a 
lesser  extent,  of  composition). 


INTRODUCTION 


Infrared  (IR)  airborne  surveys  of  the  Mono  Lake  area  were  undertaken 
in  1965  and  1966  with  a NASA  Convair  2^0  airplane  and  a U.S.  Geological 
Survey  twin-engine  Beechcraft  airplane  to  study  natural  thermal  anomalies 
related  to  structure  and  to  analyze  emittance  characteristics  of  several ' 
lithologies  as  represented  on  IR  imagery.  Imagery  taken  in  1965j  using 
a detector  sensitive  to  radiation  in  the  to  5. 5y  wavelength  band, 

is  not  analyzed  in  detail  in  the  present  report,  but  was  used  to  plan 
the  1966  surveys.  Variations  in  radiant  emission  from  the  terrestrial 
siirface  in  the  8y  to  lh\i  wavelength  interval  were  registered  during  a 
diurnal  cycle  as  image  tonal  density  differences  on  conventional  photo- 
graphic film  by  an  airborne  scanning  radiometer  on  July  27  and  28,  I966. 

In  addition  to  earlier  overflights  and  several  test  runs , three  north- 
south  flight  lines  (fig.  11-1 ) with  a total  flight  length  of  54  miles 
were  flown  during  a sequence  of  six  surveys  (table  ll-l)  during  a 
24-hour  period  in  the  Mono  Lake  area  on  July  26  to  28,  I966.  Ground 
monitoring  stations  at  Black  Point,  South  Beach,  Mono  Lake,  and  Aeolian 
Buttes,  by  utilizing  automatic-recording,  variable-sequencer  thermistor 
and  IR  radiometer  systems,  recorded  ground-surface  temperatures  in  a 
variety  of  materials  simultaneously  with  overflights.  This  report  is 
primarily  a summary  of  the  data  obtained  from  the  July  27  and  28,  1966, 
experiment.  At  an  earlier  stage  in  the  project,  a geologic  map 
(fig.  11-2)  was  compiled  at  a scale  of  1:31  68O  on  a rectified  ortho- 
photomosaic base  to  provide  geologic  control  for  location  of  ground 
monitoring  stations,  collection  of  samples,  and  interpretation  of  the  IR 
imagery  acquired. 

This  study  was  carried  out  with  the  support  of  the  staff  of  the  In^ 
frared  Laboratory,  U.S.  Geological  Survey,  under  the  supervision  of  Robert 
M.  Moxham,  and  with  the  cooperation  of  pilots  Raymond  Rote  and  Howard 
Chapman,  flying  the  U.S.  Geological  Survey,  Water  Resources  Division,  air- 
craft in  which  an  IR  scanning  radiometer  and  supporting  equipment  were 
mounted.  Charles  R.  Fross  operated  the  scanning  radiometer  with  the 
assistance  of  Robert  M.  Turner.  Philip  W.  Philbin  and  George  R.  Boynton 
set  up  ground  monitoring  instrments,  including  an  Eppley  pyr heliometer, 
variable-sequencer  thermistor  systems,  and  Barnes  IT-2  and  IT-3  radiom- 
eters . Robert  M.  Turner  processed  the  ima,gery . Joanne  K.  Oman  and 
Philip  W.  Philbin  operated  the  isodensitometer  in  the  laboratory.  David 
L.  Daniels  made  laboratory  emissivity  determiaations  on  rock  samples 


11-3 


collected  from  the  Mono  Lake  area,  and  Gordon  W.  Greene  provided  data  on 
thermal  parameters  of  many  of  these  same  rocks.  Roger  Bowen,  Branch  of 
Computations,  Geological  Survey,  Menlo  Park,  programed  the  function  given 
by  Jaegar  and  Johnson  for  diurnal  temperatiire  variations.  Alonzo  E, 
Stoddard  provided  notes  on  IR  radiation  theory,  emissivity,  and  absorp- 
tivity. G.  G.  Dalrymple,  C.  W.  Ghesterman,  C.  H.  Gray i and  Clyde 
Wahrhaftig  contributed  useful  geologic  information  on  the  Mono  Lake  area; 
and  David  L.  Daniels,  Stephen  J.  Gawarecki,  Gordon  W.  Greene,  and  R.  J. 

P.  Lyon  accompanied  the  author  in  the  field  on  several  occasions. 

Stephen  J.  Gawarecki  kindly  made  available  several  photographs  of  Paoha 
Island  for  use  in  this  report. 

The  unusual  variety  of  lithologic,  volcanic,  and  tectonic  features 
of  Mono  Lake  basin,  the  locus  of  the  most  intense  and  complex  volcanism 
of  the  Owens  Valley  region,  influenced  selection  of  the  Mono  Lake  area 
for  the  IR  survey  experiment.  Lithologies  surveyed  include  late 
Pleistocene  olivine-basalt  pyroclastics  of  the  sublacustrine  Black  Point 

volcano;  recent  andesite-basalt  volcanics  and  carapace  of  lacustrine 
deposits  of  Negit  and  Paoha  Islands;  the  largely  recent  rhyolite-obsidian 
complex  of  brecciated  youthful  tholoids,  coulees,  and  block  craters; 
rhyolitic  tephra  rings,  ramparts,  and  basin-flooi  layers  of  the  main 
crater  complex  south  of  the  lake;  and  the  older  Pleistocene  Bishop  tuff 
of  Aeolian  Buttes. 


SYMBOLS 


B(X,T)  amount  of  energy  radiated  in  all  directions  from  a 1-cm^ 

blackbody  surface  at  temperature  T per  second  and  per  unit 
wavelength  interval 

G specific  heat,  cal-gm-°C"^ 

net  radiant  solar  flux,  measured  as  the  diurnal  maximum  inci- 
dent radiant  flux  J minus  the  reflected  radiant R 

o , ^ o 

I : " ' . 

F^/3  net  radiant  solar  flux  — - thermal  inertia  ratio  that  controls 

the  initial  temperature  rise of  a point  on  the  terrestrial 
surface  (approx imately  proportional  to  the  maxim'um-minimum= 
r amplitude  of  a diurnal  surface-temperature  curve) 


Petrographic  studies  by  Kenneth  LaJbie,  University  of  California 
Berkeley,  reported  since  completion  of  this  paper,  indicate  that  the 
volcanics  of  Paoha  and  Negit  Islands  are  of  rhyodacitic  composition . 
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2 

intensity  of  radiation  emitted  by  1 cm  of  a natural  surface 
within  a specific  wavelength  range,  per  second,  at  blackbody- 
eq_uivalent  temperature  T 


2 

radiation  emitted  by  1 cm  of  a natural  surface  within  a spe- 
cific wavelength  range,  per  second,  at  temperature  T 

incident  radiant  flux  at  the  terrestrial  surface 

-1  -1  -1 

thermal  conductivity,  cal-cm  -sec  -°C 
latitude 

-2  -1 

radiance,  ¥-em  -ster 
reflected  radiant  solar  flux 


total  'reflectivity  of  a surface  for  the  incident  radiation 
^o’  ^ ratio  of  total  absorptivity 

to  thermsil  inertia  of  a specific  material  (characteristic 
of  specific  lithologies) 

temperature,  °C  or  °K 


mean  daily  surface  temperature  of  a specific  point  on  the 
terrestrial  surface 


surface  temperature  of  a specific  point  on  the  terrestrial 
surface  at  a given  instant  in  time 

time  measured  from  local  noon,  equation  (ll-5) 


ratio  of  velocity  of  survey  aircraft  to  altitude  (V/H  settings 
of  sca^nning  radiometer  possibly  cause  of  geometric  distor- 
tion of  IR  imagery  if  aircraft  velocity  and  film  transport 
are  improperly  synchronized) 

thermal  diffuslvity,  cm"‘-seC' 

thermal  inertia  .-r^  the  measure  of  the  rate  of  heat  transfer 
at  the  interface  between  two  dissimilar  media, 

- -2  on-1  -1/2 

cal-cm  -°C  -sec 
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Y film  emulsion  density,  as  measured  tiy  a double-beam  recording 

isodensitometer 

Vy  increment  in  film  density  — in  a specific  frame  of  IR 

imagery,  a function  of  IR  emission  from  the  terrestrial 
surface 

e integrated  emissivity,  the  ratio  determined  in  the 

rj  liij 

laboratory  for  a flat  surface  for  the  8y  to  lk\i  wavelength 
interval 


apparent  emissivity  dependent  upon  cavity  shape 


spectral  emissivity 

\ wavelength,  measured  in  microns  in  the  IR  region  of  the 

electromagnetic  spectrum 


-3 

p bulk  density,  gm-cm 

5 solar  declination' 

(1)  angular  velocity  of  the  earth,  7-27  x lO”^  rad-sec 

PREVIOUS  INVESTIGATIOIS 


Ike Mono  Lake/Mono  Craters  area  has  been  studied  extensively  during 
the  past  80  years , with  attention  focused  primarily  on  the  geology  of  the 
Mono  Lake  basin  and  the  volcanic  rhyolite -obsidian  complex.  For  a list 
of  selected  reports  on  the  geology  of  the  area  through  I965,  see  ref- 
erence, 11-1.  The  geologic  map  compilation  prepared  for  reference  11-1 
is  a summation  of  much  of  the  literature  for  the  specific  area  of  IR 
radiometry  surveys  reported  in  reference  ll—l.  The  most  recently  pub- “ 
lished  geologic  map  of  a large  part  of  the  Mono  Craters  area  is  refer- 
ence 11-2,  \ --  . / -r:::.  ■ . 


Previous  studies  of  the  Mono  Craters  area  carried  out  by  the  In- 
frared Laboratory,  U.S.  Geological  Survey , include  reference  11-3,  in 


which  the  spectral  emittance  of  selected  rock  types  from  the  Mono  Craters 
area  in  the  Sy  to  lUy  wavelength  band  is  reported*  Daniels  concluded 
that  the  emittance  spectra  of  acidic  igneous  rocks  of  the  area  are  very 
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similar,  are  recogniza'ble  in  spite  of  their  rough  and  weathered  surfaces 
hut  are  different  from  the  spectra  of  basaltic  rocks  from  the  area.^ 


OBJECTIVES 


The  purpose  of  the  Mono  Lake  area  IK  imagery  experiment  reported 
in  this  document  is  to  determine  the  degree  to  which  it  is  possible  to 
distinguish  lithologic  and  other  natural  materials  of  different  thermal 
properties  or  different  emissivity  e by  means  of  IR  emission  varia-  : 
tions  resulting  from  varying  rates  of  cooling  or  warming  at  sunset  and 
dawn.  The  IR  emission  variations  are  registered  as  tonal  density  dif- 
ferences on  photographic  film  by  an  airborne  scanning  radiometer  that 
senses  radiation  in  the  Sy  to  lk\i  wavelength  band  from  the  terrestrial 
surface. 


PROCEDURES 


Three  north- south  flight  lines  (fig.  11-1 ) wero  used  to  control  the 
IR  surveys  made  with  a Reconofax  IV  scanner  mounted  in  the  U.S.  Geolog- 
ical Survey  twin-engine  Beechcraft  on  July  27  and  28,  1966.  ^ Rotating 
high-intensity  beacons  marked  the  flight  lines  during  night  surveys . j 
Several  ground  instrument-monitoring  stations  were  set  up  along  or  close 
to  the  flight  lines  at  geologic  contacts  between  selected  lithologic 
map  units  (table  ll-l). The  ground  stations  were  designed  to  obtain 
observations  on  diurnal  temperature  ..variations  of  selected  natural  lith- 
ologic surfaces.  The  following  two  types "of  instriment  systems  were 
operated  simultaneously  with  survey  overflights  : (l)  Barnes-  IT-3-.  and 

IT-2  fixed- field  radiometers , recording  continuously  on  an  Esterline- 
Angus  ;strip-phart  recorder,  and  (2)  Sprinkle  variable-sequencer  : 
thermistor-probe  systems , recording  on  Esterline-Angus  recorders.  Other 
equipment  included  automatic -re cor ding'  tempscribe  thermographs  and  a 
recording  Eppley  pyrheliometer  to  determine  variations  in  the  incident 

- 3 

radiant  flux  at.  the  terrestrial  surface,  recording  thermographs  for 


Recent  work  by  R,  J.  P.  Lyon,  Stanford  University,  suggests  that 
careful  computer  programing  of  the  infrared  emittance  spectr'a  of  acidic 
igneous  rocks  of  the  Mono  Lake  area  permits  i'dentification  uf  several  ■ 
more  rock  types . ' 1 | i 

■ -3"'  ' ""  ' ' - - 

The  majority  pf  the  incident-radiant  solar  flux  is  recorded  by 

the  Eppley  pyrheliometer.  The  transmission  capability  of  the  glass  bulb 

IS  above  50  percent  for  wavelengths  from  305  A to'  k'.Uii  and  is  above  , 

o 

90  percent  for  wavelengths  between  360  A and  2. 6y, 
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determining  ambient  temperature  variations,  and  a velometer  for  near- 
surface wind  variations.  Diurnal  surface-temperature  curves  were  es- 
tablished from  these  ground  measurements. 

Infrared  survey  overflights  were  made  at  4-hour  intervals  during  a 
24-hour  cycle.  Selected  frames  of  IR  imagery  obtained  by  this  method 
were  scanned  in  the  laboratory  at  magnifications  of  and  xio  py  a 
double-beam  recording  isodensitometer  to  obtain  color  print-outs  of  film- 
emulsion  density  increments.  These  print -outs  are  roughly  equivalent 
to  forms^line  isoradiance  maps  with  a variable  contour  interval,  ' Density 
profiles  were  also  obtained.  A comparison  between  image  tonal  density 
differences  and  diurnal  surface-temperature  curves  for  various  materials, 
established  from  ground  observations  (figs.  11-2  to  11-6),  was  the  next 
step.  Thermal  properties  and  IR  integrated-bandpass  emissivity  deter- 
minations on  rocks  of  the  Mono  Lake  area  were  compiled  to  aid  in  con- 
struction of  theoretical  diurnal  surface-temperature  curves,  by  using 
equations  for  a physical  model.  The  theoretical  warming  and  cooling 
curves  obtained  were  compared  with  those  obtained  by  ground  observation 
to  estimate  the  degree  to  which  surface-temperature  variations  and  IR 
emission  variations  are  influenced  by  differences  in  the  thermal  inertia 
3 of  natural  materials.  Finally,  anomalous  thermal  patterns  recorded 
on  the  IR  imagery,  but  not  attributable  to  insolation  variations  or  to 
thermal-parameter  or  emissivity  differences  of  materials,  were  inter- 
preted geologically. 


ACCURACY  OF  SURFACE-TEMPERATURE  MEASUREMENTS 
AT  GROUND  MONITORING  STATIONS 


. 1.  Barnes  IT-3  IR  thermometer  (fixed-field  radiometer).  The  ther- 
mometer integrates  temperatures  over  the  entire  area  subtended  by  its 
optical  system.  Absolute  accuracy  is  attainable  within  1. 2°  C for  a tar- 
get of  unity  emissivity.  Average  emissivity  of  surfaces  studied  is  0v9±. 
An  additional  error  of  <1°  C is  inherent  in  the  Esterline-Angus  recording 
system. 

2.  Sprinkle  variable-sequeneer  multiprobe  thermistor  system.  The 
error  is  <1°  C,  but  is  subject  to  additional  error  of  <1°  G Inherent 
in  the  Esterline-Angus  recording  system. 

3.  Tempscribe  recording  thermograph.  The  calibration  error  is 
<1°  C,  but  additional  error  is  introduced  in  positioning  the  needle  arm. 
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GEOLOGY  OF  MONO  LAKE  AND  CRATERS  AREA 


The  volcanotectonic  depression  containing  Mono  Lake  has  been  the 
locus  of  the  greatest  concentration  of  volcanic  activity  in  the  upper 
Owens  Valley  since  the  mid-Pliocene  age.  The  oldest  manifestations  of 
volcanism  in  the  area  are  the  Tertiary  volcanic  rocks  of  the  Bodie  area 
north  of  Mono  Lake.  Rhyolitic  ignimhrite  of  the  Bishop  tuff  of  Pleisto- 
cene age  is  exposed  in  the  Aeolian  Buttes  area  several  miles  south  of 
the  lake.  The  volcanotectonic  basin  has  undergone  continued  subsidence 
throughout  Quaternary  time.  It  is  bounded  by  near-vertical  faults  on 
the  basis  of  recent  geophysical  studies  (ref.  11-4)  and  probably  contains 
about  300  cubic  miles  of  Cenozoic  sediments  and  voleanics  to  a depth  of 
approximately  18  000  feet.  Mono  Lake  itself  presently  occupies  the 
lowest  part  of  the  basin.  The  surface  of  the  remainder  of  the  basin  is 
underlain  by  lacustrine  deposits  covered  in  part  by  ashfall  tephra  ' 
deposits.  Studies  of  the  lake  bottom  topography  (ref.  11-5)  indicate 
that  its  eastern  half  is  a smooth  plain,  but  that  the  western  half  has 
two  deep  basins  with  irregular  topography  attributed  to  faulting, 
volcanism,  glaciation  and  submafihe  slumping..-  Paoha  and  Negit:  Islands 
in  Mono  Lake  are  of  volcanic  origin  and  represent  some  of  the  most  re- 
cent volcanic  activity  in  the  area.  A gravity  low  with  a Bouguer  gravity 
value  of  approximately  -260 rmilligals  is  centered  oh  Paoha  Island 
(ref.  11-4).  Slump  features  in  recent  marl  deposits  exposed  on  Paoha 
Island  may  be  the  surface  expression  of  sublacustrine  uplift  or -volcanism 
East  of  Negit  Island  is  an  archipelago; of  eight;  small  islands  composed 
of  lacustrine  sediments;  some  of  these  islands  are  diked  and  silled  with 
andesitic  lava  (ref.  11-5).  Black  Pointy  on  the  northwest  shore  of  Mono 
Lake,  is  an  accumulation  of  almost  flat-lying  tephra  resulting  from  a 
sublacustrine  pyroclastic  eruption  (ref.  11-6)  during  the  high  stand  of 
Mono  Lake  (=  Tioga  time?). 

The  Mono  Crater  rhyolite  iobsidian  and  pumibe' complex  south  of  Mono 
Lake  extends  southward  in: a broad  arc  which  is  convex  to  the  east.  The 
Inyo  Craters  continue  this  volcanic- lineament  farther  south.  The  main 
complex  of  the  Mono  Craters  represents  considerably, more  than  dOlvolcanic 
events,  perhaps  separated  by  only  short  intervals  of  time.  Recent 
potassium- argon  age  determinations  by  Dalrymple  (I96T)  suggest  ages  of 
5'000  to  6000  B.P.  for  much  of  the  complex.  The,  lack  of  lakeshore  fea- 
tures on  most  landforms  of  the  main  complex  also  indicates  a post-Tioga-  - 
age  for  this  multiple  volcanic  event. A possible  exception  is  an  older 
andesite  crater  remnant  near  the  northwestern  end  of  the  chain  which 
may  have  a waveeut  bench  on  its  western  face.-.  The  pattern  of  evolution 
of  individual  volca,nos- within  the  complex  is.  recognizable.  -Pyroclastic 
eruptions  of  rhyolitic  p-umice  from  a central  crater  fomed  tephra  rings , 
ramparts , and  cones . In  most  cases , these  formations  were  followed  by 
emergence  of  tholoids  or  endogenous  domes,  for  example.  North  (Panum) 
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Crater  where  the  tephra  ring  is  still  intact.  Elsewhere,  as  at  North 
and  South  Coulees,  the  viscous  rhyolite-obsidian  flows  overran  the  tephra 
rim,  obliterating  most  of  the  initial-stage  tephra  features.  In  the 
northernmost  rhyolite-obsidian  coulee,  and  possibly  elsewhere,  a viscous 
second-stage  tholoid  emerged  and  expanded as  a flow  above  the  lower  stage 
flow.  Partially  emergent  tholoids ^ blowout  craters,  and  rhyolite-block 
pyroclastic  craters  are  also  identifiable.  At  a late  volcanic  stage, 
very  recent  pyroclastic  eruptions  covered  much  of  the  volcanic  complex 
and  surrounding  lacustrine  plain  with  ashfall  tephra. 

LUNAR  ANALOGS  


Features  of  the  area  which -might  be  regarded  as  analogous  to  cer- 
tain features  of  the  lunar  surface  include  the  subcircular  volcanotec- 
tonic  depression  of  th#  Mono  Lake  basin  itself,  small  blowout  craters 
throughout  the  area,  circular  tephra  rims,  and  pumice  plains  of  ashfall 
tephra.  No  proven  examples  of  impact  features  are  present. 


GEOLOGIC  FACTORS  AFPECTING  INFRimSD  IMAGE  TONAL  DENSITY 


Radiative  Heat  Transfer 


To  analyze  the  geologic  factors  affecting  image  tonal  density  for 
the  Mono  Lake  area  (figs.  11-7  to  11-23)  on  July  27  and  28,  I966,  we 
note  that  image  tonal  density  obtained  in  the  8p  to  lUy  wavelength  re- 
gion is  related  to  electromagnetic  emission  from  the  terrestrial  surfac-e 
in  such  a way  that  image  tonal  density,  as  measured  by  a recording-^ 
densitometer,  is  a nonlinear  function  of  the  blackbody-equi valent  tem- 
perature of  the  surface  (figs.  11-24  and  11-35;  table  ll-Il),  as 
modified  by  instrumental  and  photographic  processing  factors.  Thus,  IR 
image  tonal  density  is  largely  controlled  by  those  factors  affecting  the 
surface  temperature  of  the  image.  Stated  theoretically,  1^^  is  the  ■ 

intensity  of  radiation  emitted  by  1 cm  of  a natural  surface  within  a 
specific  wavelength  range,  per  second,  at  temperature  T.  The  following 
discussion  demonstrates  the  role  of  emissivity  e of  the  natural  sur- 
face in  affecting  I . 


Recent  absolute  age. dating  by  Irving  Friedman y U.S.G.S.,  suggests 
an  age  of  less  than  2000  years  for  this  endogenous  dome. 
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Radiation  emitted  in  all  directions  by  a blackbody  within  the  wave 
length  interval  to  basis  of  Planck's  law,  is  given  by 


/2 

IgB  V 


where  B(X,T)  Is  the  amount  of  energy  radiated  from  1 cm  of  a "black" 
surface  at  temperature  T per  second  and  per  unit  wavelength  interval. 
Radiance  N from  a natural  surface  is  modified  by  the  spectral  emis- 
sivity  e(X),  as  follows. 


r^2  J^2 


I = /*  N(X,T)dX  = f e(X)B(X,T)dX 

A. 


If  e(X);  is  known,  in  the  wavelength  interval  X^  to  X^^  I, 

1 2 K 

may  be  calciilated  from  equation  (ll-2).  Alternatively,  and 

n BB 

may  be  measured  directly  in  the  laboratory.  Their  relationship  is  then 
given  in  terms  of  the  integrated  bandpass  emissivity  e,  as  follows. 


% “ ^BB  ~ 

Xi 


The  relatibhship  between  spectral  emissivity  (emitti 

ref.  11-3)  in  the  8p  to  i4y  wavelength  region  and  integrated 
emissivity  e may  be  stated  as  follows . 


e(X)B(X,T)dX 


B(X,T)dX 


(11-i^) 
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The  ratio  e,  integrated  bandpass  emissivity,  for  the 

By  to  lk\i  wavelength  region  has  been  determined  by  Daniels  (ref.  11-3) 
in  the  laboratory  for  representative  lithologies  of  the  Mono  Lake  area 
(table  ll-IIl),  using  a Kern-Buettner-type  emissivity  box  (ref.  11-7) 
and  Barnes  IT-3  IR  thermometer.  The  results  are  reported  in  average 
digital  values  for  the  entire  8y  to  l^y  band.  Spectral  emissivity 
(emittance)  for  the  8y  to  l4y  band  was  determined  by  Daniels 

(ref.  11-3)  in  the  laboratory  by  comparison  of  continuous  analog  traces 
of  the  sample  surface  in  contrast  to  a laboratory  blackbody  reference 
by  means  of  a Black  I-4t  spectrometer  (interferometer  type).  The  re- 
sults are  reported  in  continuous  analog  curves  giving  emissivity  varia- 
tions over  narrower  spectral  bands  within  the  8y  to  l4y  wavelength 
region  than  is  possible  with  the  Kern-Buettner  emissivity  box  method  of 
determining  e.  The  following  generalizations  can  be  made  from  the 
results  of  these  laboratory  emissivity  studies. 

The  emittance  spectra  of  acidic  igneous  rocks  of  the  Mono  Lake 
area  (rhyolite  obsidian  and  pumice,  rhyolitic  Ignimbrite  of  the  Bishop 
tuff,  and  quartz  monzOnite)  are  very  similar  and  are  spectrometrically 
difficult  to  distinguish  from  one  another.  However,  the  spectra  of 
acidic  igneous  rocks  of  the  Mono  Lake  area  do  differ  from  the  spectra 
of  basalt.  The  spectra  of  weathered  surfaces,  in  general,  are  still 
recognizable  as  the  spectra  of  the  underlying  rock.  The  integrated 
emissivity  e determinations  lead  to  a similar  conclusion  that  the 
averaged  emissivity  over  the  8y  to  l4y  wavelength  region  is  between 
0.868  and  O.969  for  these  same  rock  types  (table  ll-IIl).  The  effect 
of  topographic  irregularities  in  enhancing  the  apparent  emissivity 
beyond  even  these  values  and  in  causing  apparent  emissivity  differences 
greater  than  0.1  (fig.  11-26)  is  discussed  in  a later  paragraph  of 
this  report  . , V , * . 


Wide  differences  in  IR  emission  from  different  materials  were, 
however;:  recorded  by  the  Reconofax  IV  scanner,  suggesting  that  differ- 
ences in  surface  temperature  (figs.  11-24  and  11-25 [ are  of  considerable 
importance  in  affecting  totaT  emissioTi  and,  consequently,  image  tonal 
density  (table 'll-Il). 


The  following  discussion  demonstrates  the  significance  of  thermal 
properties  3 of  rock  and'  soil  materials,  of  total  reflectivity  of  the 
surface  r^,  and  of  the  diurnal  maximum  radiant  flux  in  controlling 

the  temperature  pf:  the  terrestrial  surface. 

The  temperature  of  a specific  point  on  the  terrestrial  surface 
varies  in  a periodic  way  with  the  diurnal  cycle . ’The  dependence  of  the 
diurnal  variation  upon  properties  of  the  terrestrial  sxirface  has  .been 
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calculated  by  Jaeger  and  Johnson  (ref.  11-8),  using  a simplified  model 
for  the  thermal  flux  across  the  surface.  The  result  is  given  by 


F 

= ~ f (■^j'5,oj,t)  (ll-5) 


where  - surface  temperature 


Fq  — net  radiant  solar  flux  across  the  solid  terrestrial  surface, 

that  is,  the  diurnal  maximum  radiant  flux  J incident 

o 

upon  the  surface  minus  the  reflected  radiant  flux  R 

o 

3 = thermal  inertia 


cos  h = - tan  X tan  6 

w = angular  velocity  of  the  earth,  7.27  xig”^  rad^sec”^ 

! - 

(S  = solarr  declination:  19.3°  for  July  27  and  28,  I966;  23.5° 

for  summer  solstice;  0.0°  for  autumnal  equinox 

L -latitude  (38°  N) 


The  function  f(L,(S,a),t)  is  graphed  for  the  summer  solstice,  the 
autumnal  equinox,  and  July  27  and  28,  1966,  at  the  latitude  (38°  N)  of 
Paoha  Island  (fig.  11-27). 

To  compare  these  theoretical  warming  and  cooling  curves  with  surface- 
temperature  records  , a mean  daily  surface  temperature  for  a given  point 
must  be  introduced  into  the  theoretical  curves  such  that 


f (L,6  ,o)  ,t) 


:i 


(11-6) 
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where  equals  the  mean  daily  surface  temperature  at.  a specific 

point.  For  the  purpose  of  experimental  comparison  of  theoretical  diurnal 
temperature  curves  with  recorded  curves,  the  mean  daily  surface  temper- 
atures for  two  lithologies  (lacustrine  marl (Qm)  and  basalt  lapilli- 
ash  beach  deposits  (QVb)  at  Black  Point)  have  been  assumed  to  be  equal. 

A similar  assumption  has  been  made  for  two  lithologies  at  Aeolian  Buttes 
(Bishop  tuff  (Qbt)  and  quartz,  monzonite  (Ka)). 

Net  radiant  solar  flux  F^  in  equation  (11-5)  is  a measure  of  the 

peak  thermal  flux  into  the  solid  terrestrial  surface.  In  terms  of  the 

peak  radiant  flux  incident  upon  the  surface  J and  the  amount  of  flux 

o 

which  is  reflected  r , we  have 

o’ 


The  peak  radiant  fl\ix  is  given  for  the  south  beach  of  Mono 

Lake  for  July  27  and  28  (upper  curve,  Eppley  pyrheliometer  records, 
fig.  11-2).  Total  reflectivity  r^  is  dependent  upon  lithology  and 

other  factors  and  has  been  estimated  from  published  absorption  coeffi- 
cients of  solar  radiation  of  various  terrestrial  materials  and  from 

recorded  surface-temperature  curves  (table  11-IV).  In  terms  of  J 

, ■ o 

and  the  estimated  reflectivity  r^,  the  theoretical  expression 
(eq.  (11-5 ))  for  the  di-urnal  teir^erature  variations  becomes 


f (L,6 ,w,t ) 


(11-8) 


r " actuality,  the  recorded  temperature  curves  for  two  lithologies 
ait  Black  Point  and  two  lithologies  at  Aeolian  Buttes  resemble  the  theo- 
retical curves  and  have  the  expected  differences  in  amplitude  (figs.  11-28 
to  11-31).  The  theoretical  curves  were  constructed,  using  the  best  esti- 
mates and  determinations  for  J , r (hence,  F ),  and  8.  Thus,  the 

recorded  diurnal  curves  reasonably  confirm  that  the  F / 8 ratio  does 

■'O  ' 


5'  ■'  " ' " ' " ■ 

Reported  by  LaJbie  to  be  highly  diatomaceous . 
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indeed  control  the  amplitude  (table  11-IV)  of  the  Black  Point  and  Aeolian 

Buttes  surface-temperature  curves.  Comparison  of  the  Black  Point  and 

Aeolian  Buttes  theoretical  curves  with  recorded  temperature  curves  also 

significantly  confirms  the  role  of  r in  estimating  F and  J . 

o o o 


The  mean  daily  surface  tejmperatures  T^^  (eq.  (ll-6))  are  assumed 

to  be  the  same  for  the  pairs  of  lithologies  in  the  construction  of  fig- 
ures 11-28  and  11-29.  However,  where  r varies  considerably,  as  at 

o # j 

Black  Point,  this  assumption  yields  theoretical  curves  which  are  too 
closely  spaced  in  comparison  to  the  recorded  curves. 

i ' 

The  recorded  curve  suggests  a significantly  lower  mean  daily  sur- 
face temperature  for  marl  (Q;n)  than  for  basalt  lapilli-ash  beach  deposits 
(Qvb|).  This  distinct  ^surf ace-temperature  difference  between  Qm  and  Qvb 
throughout  much  of  the  diurnal  cycle  gives  rise  to  one  of  the  most  out- 
standing features  of  the  imagery  (fig.  11-7)  and  isodensitracer  scans 
(figs.  11-2  to  11-7)  derived  from  the  imagery  of  Black  Point,  that  is, 

l®'^'*J^strine  carbonates  and  basalt  pyroclastics . 


A second  point  of  difference  is  that  the  recorded  surface  tempera- 
tures between  10:00  p.m.  and  7:00  a.m.  (for  Qm,  Qvb,  Ka,  and  Qbt)  are 
higher  than  would  be  expected  from  the  theoretical  curves  (figs.  11-30 
and  11-31).  An  explanation  of  this  disparity  lies  in  the  boundary 
condition  at  the  surface  that  leads  to  equations  (ll-5)  and  (ll~7).  The 
loss  of  heat  from  the  surface  is  assumed  Constant  throughout  the  day  in 
this  calculation.  A more  realistic  assumption  is  that  the  loss 'of  heat 
from  the  surface  is  dependent  upon ^temperature.  As  the  temperature  de- 
creases during  the  night,  the  loss  would  also  decrease,  yielding  a low- 
ered nighttime  cooling  rate  in  accordance  with  the  recorded  temperature 
curves . - - - 


The  denominator  3 in  the 
teristic  of  specific  lithologies 


F /3  ratio, 
o 

, is  'given  by 


the  thermal  inertia  charae 


(11-9) 


where  k = thermal  conduc’ti'v,ity,-^cal-cm~-°C~^-sec 

. , ■ _3  ■ 

p = bulk  density,  gin-cm 
C = specific  heat,  cal-gm  ^ 


4 
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and 


k = aCp  (11-10) 


2 —1 

where  k equals  the  thermal  dlffusivity  in  cm  -sec  . Thus,  3 is  a ; 
measure  of  the  rate  of  heat  transfer  at  the  interface  between  two  dis- 
similar media.  Literature  data  and  U.S.  Geological  Survey  laboratory 
determinations  by  Greene  of  thermal  parameters  of  several  lithologies 
sampled  and  imaged  in  the  Mono  Lake  area  are  given  in  table  11-IV.  A 
direct  logarithmic  relationship  between  k and  p for  certain  rock 
types  (e.g,,  basalt)  has  been  suggested  in  reference  11-9. 

From,  the  foregoing  discussion,  it  is  suggested  that  low  bulk  den- 
sities and/or  low  total  reflectivity  yield  high  F /3  ratios  and  high- 

amplitude  surface -temperature  curves.  If  IR  image  tonal  density  is  a 
function  of  blackbody-equi valent  temperatures  of  the  surface,  as  suggested 
by  analysis  of  isodensitracer  scans  of  the  Mono  Lake  imagery  (figs.  11-2 
to  ll-2k  and  table  ll-Il),  it  may  be  concluded  that  lithologies  of  low- 
bulk  density  and/or  low  total  ref.lectivity  will  be  registered  on  IR 
imagery,  in  contrast,  to  lithologies  of  high  bulk  density  and/or  high 
total  reflecitivity  if  all  other  factors  are  equal.  The  contrast  between 
lacustrine  carbonates  (Qm)  and  basalt  pyroclastic s (Qvb)  of  Black  Point 
and  Paoha  Island  represent  wide  differences  in  total  reflectivity 
(table  11-IV).  Moreover,  differential  solar  heating  of  the  terrestrial 
surface  during  daylight  hours  occurs  across  uneven  topographic  surfaces 
because  J^,  the  inciu-^-nt  radiant  flue  on  the  s-urface,  is  dependent 

upon  the  inclination  of  the  solar  rays  to  the  topographic  surface.  Such 
variations  in  influence  emission  in  the  Sp  to  ity  interval,  partic- 

ularly during  daylight  hours,  but  also  continue  to  affect  8y  to  ity 
range  emission  to  a lesser  extent  at  night  (figs..  11-lOe  and  11-lOf), 
producing  thermographic  imagery  of  topography  and  microrelief . An 
extreme  case  occurs  in  which  thermal  shadows  in  early  morning  and  late 
afternoon  imagery  enhance  siuface  textures  (figs.  ll-7a,^,ll-8a,  ll=9a, 
11-lOa,  11-lla,  and  11-llb). 

One  additional  type  of  radiative  heat  transfer  to  the  atmosphere, 
dependent  on  topography,  affected  image  tonal  density  during  the  July  27 
and  28,  1966,  survey  period  in  the  Mono  Lake  area.  Apparent  emissivity 
e^,  which  is  dependent  on  surface  roughness,  is  more  effective  in  iiiflu-  ‘ 

encing  emission  than  is  e,  simply  as  a function  of  rock  type 

(table  ll-IIl).  This  is  demonstrated  by  graphs  of  change  in  apparent  - 

emissivity  as  a function  of  cavity  shape  (fig.  11-26).  A surface 

composed  of  rock  of  uniform  emissivity  e,  may  exhibit  variations  in 
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apparent  emissivity  as  a result  of  topographic  relief.  Figure  11-26 

sho-ws  the  dependence  of  apparent  emissivity  on  the  dimensions  of  a cy- 
lindrical cavity i forming  a depression  in  a surface  of  emissivity  e 
(ref.  11-10 ).  Examples  of  situations  intermediate  between  the  latter 
two  effects  are -common. 

Radiative  heat  loss  from  the  terrestrial  surface  in  the  Mono  Lake 
area  during  the  period  July  27  and  28,  I966,  was  affected  by  the 
following  interrelationship,  which  consists  of  four  parameters  charac- 
teristic of  specific  lithologies,  a fifth  parameter  dependent  on  topog- 
raphy and  microrelief , 'and  a sixth  parameter  dependent  on  surface 
texture : 


1.  Thermal  diffusivity  a 


2.  Specific  heat  C 


3.  Bulk  density  p 


4.  Total  reflectivity 


r 

o 


5.  Total  radiant  energy  incident  on  the  surface 
function  of  topography 


J as  a 
o 


6.  Apparent  emissivity  as  a function  of  surface  roughness 

and  blackbody  cone  effects 


Convective  Heat  Transfer 


Convectiye  heat  loss  from  fractures  heated  by  the  movement  of 
epithermal'  solutions  or  gases,  which  has  been rdetected  on  night  and 
predawn  imagery;,  provides  “a  means  for  outlining  the  surface  configura- 
tion and  estiinating  the  intensity  of  thermal  anomalies  associated  with 
hot  springs  and|  f^aroles  at  Paoha  Island  (figs.  ll-8a,  ll-8d,  ll-8e, 
and  ll-8f)  and  Deschambeau  Ranch  at  Black  Point  (figs.  ll-Ta,  11-Td 
ll-7e,  and  11-Tf).  , 7 V. 


Hot  spring  activity  in  the  Mono  Basin.;  and  specif ica^^  on  Paoha' 
Island,  has  long  been  known  and  was  first  reported  by  Russ  ell  in  1889' 
(ref.  11-11);  the  present  status,  distribution,  and  structural  control 
of  hot  springs  and  .fumaroles  continues  to  be  a subject  of  interest..  A 
decline  in  the  level  of  Mono  Lake  since  1955  made  possible  the  detection 
of  an  array  of  distinct  points  of  convective  heat  loss  ringing  the 
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southeastern,  peninsula  of  Paoha  Island,  where  remnants  of  a recent 
andesite-basalt  volcano  are  exposed  through  a carapace  of  lacustrine 
deposits  (figs.  11-32,  ll-33a,  and  ll-33b)* 

Surface  temperature  at  the  apertures  of  hot  springs  ranged  up  to 
85°  C at  several  points,  based  on  measurement  with  a bimetallic  ther- 
mometer on  July  25 9 1986.  This  thermal  activity  bears  a superficial 
resemblance  to  thermal  activity  on  several  other  active  volcanic  areas , 
including  the  classic  andesite  caldera  of  Santorin  (Thira)  volcano  in 
the  Cyclades  archipelago  (fig.  11-32).  Santorin  is  now  known  to  have 
had  two  Krakatoan  eruptions  in  25  000  and  l400  B.C.  More  than  1000  years 
after  the  second  eruption,  Nea  Kaimeni,  the  Santorin  analog  of  Paoha, 
emerged  as  a central  island  crater  in  the  subsided  caldera.  Since  then, 
recurrent  volcanic  activity  has  occurred  in  the  ar^a  of  Nea:  Kaimeni. 
Recent  Russian  reports  (ref.  11-12)  indicate  continued  hot  spring  and 
fumarolic  activity  around  the  periphery  of  Nea  Kaimeni. 

Other  possibly  analogous  volcanotectonic  depressions  in  the  Philip- 
pines and  Indonesia  have  similar  morphology  and  distribution  of  thermal 
points  around  a resurgent  central  crater  island  which  has  been  the  locus 
of  the  most  recent  activity.  The  analogy  shouJ.d  not  be  pressed  too  far, 
yet  if  the  evidence  of  differential  uplift  involving  deformation  of  the 
carapace  of  lacustrine  deposits  of  Paoha  (fig.  11— 33c),  the  gravity  low 
centered  on  the  island  (ref.  11-i;),  the  volcanic  morphology  (fig.  ll-33d) 
of  Paoha  (as  well  as  of  its  neighbor  Negit),  and  the  greatest  concentra- 
tion of  thermal  points  in  Mono  caldera  around  Paoha  are  considered,  it 
seems  likely  that  the  Paoha-Negit  Islands  area  was  indeed  the  most  re- 
cent locus  of  volcanism,  in  the  Mono  Lake  basin,  that  the  fumaroles  and 
hot  springs  may  represent  late-volcanic  activity,  and  that  Mono  caldera 
as  suggested  by  Pakiser  and  others  (ref  . 11-i^)  should  indeed  be  regarded 
as  one  of  the  areas  of  active,  albeit  late-stage  volcanism  in  the  United 
States . 


, Other  Anomalies  v 

Two  additional  types  of  anomalies  were  noted  on  imagery  of  the 
Mono  Lake: area:  The  first  type  is  associated  with  thermal  currents  in 

the  Mono  Lake,  where  hot  springs  discharge  into  effluent  ponds  at  Black 
Point  (figs.  11— 7a,  11— 7d,  11— 769  and  11— 7f)  and  into  Mono  Lake  from 
points  along  the  north  shore  and  peripheral  to  Paoha  Island  (figs.  ll-8a, 
ll-Sdi ~ll-8e,  and  ll-8f ) . The  second  type  is  negative  daytime  anomalies 
in  saturated  unconsolidated  materials  (e.g.,  a playa  surface  on  Paoha  - 
Island  (fig.  ll-8d))  which  suggest  that  evaporation  and  lateral  heat- 
transfer  change  in  specific  small  areas  where  a thermal ’ near— e<iuilibrium 
has  been  established. 
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SUMVIARY 


Field  and  laboratory  studies  of  infrared  imagery  of  the  terrestrial 
surface  of  the  Mono  Lake  area,  California,  during  July  27  and  28,  I966, 
confirm  that  interplay  between  several  physical  and  thermal  parameters 
of  surface  materials  controls  radiant  emission  from  the  surface  in  the 
8y  to  liiji  wavelength  interval.  The  following  physical  properties  and 
processes,  in  addition  to  meteorologic  factors,  probably  have  the  great- 
est influence. 

1.  Emissivity  of  the  surface  as  a function  of  surface  roughness 
and  topographic  blackbody  cone  effects  and,  to  a considerably  lesser 
extent , as  a function  of  lithology 


2.  Radiative  heat  loss  dependent  on  the  following  properties  of 
the  surface 

a.  Thermal  diffusivity  a 

b.  Specific  heat  C 

c.  Bulk  density  p 

d.  Total  absorptivity  1 - r^,  integrated  over  the  entire 
solar  spectrum 

e. ‘  Radiant  flux  intensity  : J^  ds  a function  of  Inclination 
of  solar  rays  to  the  topographic  surface 

3.  Convective  heat  loss  from  the  following 

heated  by  circulating  epithermal ' solutions 


"d.  Actual  surface  discharge  of  hot  springs  and  fumaroles 
representing  late-volcanic  activity  mostly  on  or  near  Paoha  Island 


spring 


c.  Thermal  cin*rents  in  Mono  Lake  associated  with  cold  and  hot 


U.  Evaporative  cooling  and  lateral  heat  transfer  by  conductive  and! 
convective  mechanisms  in  saturated  unconsolidated  materials  and  by  air 
movement  or  entrapment  in  and  around  talus  slopes  s;ad  surfaces  having-." 
complicated  microrelief 
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To  determine  the  relative  importance  of  these  physical  properties 
and  heat-transfer  processes,  ground  surface-temperature  and  radiant  flux- 
intensity  monitoring  were  found  to  he  useful  as  meteorologic  records. 
Field  measurement  of  thermal  parameters  and  total  solar  reflectivity 
should  also  he  carried  out  in  future  siirveys,  preferably  as  part  of  the 
ground-monitoring  procedures  simultaneously  with  infrared  imaging  over- 
flights. A sequence  of  overflights  during  the  2i^-hour  diurnal  cycle  at 
Mono  Lake  provided  data  for  diurnal  surface-temperature  curves.  Con- 
struction of  theoretical  warming  and  cooling  curves  for  the  same  surface 
materials  permitted  comparison  with  observations  and  estimation  of  either 
the  thermal  inertia  3 or  total  reflectivity  r^,  where  other  param- 
eters plus  the  radiant  flux  intensity  were  known. 

Comparison  of  recorded  temperature  curves  with  theoretical  curves 
confirmed  that  the  F^/3  ratio  does  indeed  control  amplitude  of  the 

surface-tempexature  curves  and  that  this  ratio  is  a function  of  the 
parameter  (l  - r^)/3,  a characteristic  property  of  specific  lithologies. 

Comparison  of  image  tonal  densities  by  means  of  an  isodensitometer 
scanning  technique  indicates  that  variations  in  amplitude  (or  variations 
in  time  rate  of  change)  of  diurnal  temperature  curves  are  detectable  by 
means  of  IR  imagery,  provided  radiant  flux  intensity  is  known,  that 
meteorologic  and  hydrologic  factors  do  not  interfere,  and  that  topog- 
raphy  and  microrelief  are  simple.  Where  topography,  vegetation,  satura- 
tion, and  meteorologic  factors  do  not  affect  the  F^/3  ratios,  many 

rock  types  having  characteristic  F^/3  ratios  are  distinguishable 

though  not  categorically  identifiable.  Because  3 generally  increases 
with  bulk  density  and  because  F^  is  related  to  absorptivity  (l  - r ) 

so  that  f[jQ(l  - r^)/3],  lithologies  of  high  density  and/or  high 

albedo  contrast  sharply  with  lithologies  of  low  density  and/pr  low  albedo 
Thu$  9 with  sufficient,  groimd-monitoring  data  to  support  IR  imagery  sur- 
veys, the  geologic  contacts,  if  exposed,  among  bedrock  and  unconsoli- 
dated materials,  among  volcanic  flows  and  low-density  pyroclastic s 9 and 

volcanic  rocks  and  light-colored  carbonates,  and  similar 
contrasting  lithologies  can  be  di st ingui shed . _ . 

The  best  time  of,  day  in  California  in  July  and  August  for  detection 
of  thermal  anomalies  involving  convective  heat  loss  is  8:00  p.m.  to 
6:00,  a.m.  Maximum  distinctions  between  surface  materials,  arising  from ■ 
diff^erences  in  .the  F^/3  ratio,  occur  between  3:00  p.m,  and  7:30  p.m., 

but  thermographic  effects  from  the  surface  mask  these  distinctions . The 
thermographic  effects  diminish  after  sunset  faster  than  the  decline  in 
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emission  related  to  the  F^/3  ratio  as  a property  of  materials.  The 

time  between  8:00  to  10:00  p.m.  is  thus  a good  period  for  maximum  dis- 
tinction of  lithologies,  but  a sequence  of  surveys  from  8:00  p.m.  to 
4:00  a.m.  , showing  different  rates  of  cooling,  is  best  for  delineating 
lithologic  units. 


11-21 


REFERENCES 


11-1.  Friedman,  J.  D.:  Geologic  Map  of  the  Mono  Craters  Area,  Califor- 

nia. Tech.  Letter  NASA-12,  Geological  Survjey  for  the  National 
Aeronautics  and  Space  Administration,  1967.1 

11-2.  Kistler:  Geological  Map  of  the  Mono  Craters  Quadrangle,  Mono 

and  Toulumne  Counties,  California.  U.S.  Geological  Survey- 
Geological  Quadrangle  Map  CQ-462,  I966. 

11-3.  Daniels:  Infrared  Spectral  Emittance  of  Rocks  from  the  Pisgah 

Crater  and  Mono  Craters  Areas,  California.  U.S.  Geological 
Survey  Tech.  Letter  NASA-13,  I966. 

11-4.  Pakiser,  L,  C.;  Press,  F.;  . and  Kane,  M.  F.:  Geophysical  Investi- 
gation of  Mono  Basin,  California:  Geol.  Soc.  Amer.  Bull. , 

vol.  71,  no.  2,  i960,  pp.  153-160. 


11- 5 • Scho.ll , D.  W.  ; von  Huene,  Roland;  a.nd  St ,.-Amand,  Pierre:  Geology 

of  Mono  Lake.  Geol.  Soc.  Sacramento,  Guidebook  along  the 
East-Central  Front  of  the  Sierra  Nevada,  Ann.  Field  Trip, 

June  18-19,  1966. 

11-6.  Christensen,  N.  H.  ; and  Gil.bert,  V.  M.  : Basaltic  Cone  Suggests 
Constructional  Origin  of  Some  Guyots.  Science,  vol.  l43, 
no.  3603,  1964,  pp.  240-243. 


11-7 • Buettner,  K.  J.  K. ; and  Kern^  C.  D. : The  Determination  of  Infrared 

Emissivities  of  Terrestrial  Surfaces.  Jour,  Geophys.  Res., 
vol.  70,  no.  6,  1965,  pp.  1329-1337. 

11-8.  Jaeger,  J.  C.;  and  Johnson,  C.  H.  : Note  On  Diurnal  Temperat-ure 

Variation:  Geofisica  Pura  e Applicata,  vol.  24,  Milano,  1953. 

11-9 . Robertson  and  Greene:  Monthly  Progress  Reports,  Branch  of  Theo- 

retical Geophysics,  U.S.  Geological  Survey , Dec.  I965  and 
. Dec.  1966, 

11-10,  Gouffe;  Andre:  Corrections  D'ouverture  des  Corpsnoirs  Artificiels 

Compte  Tenu  des  Diffusions  Multiples  Internes::  Rev . ’Optique, 

24,  no.  l-3j  1945,  pp,  1-10. 

11-11.  Russell,  Issac:  Quaternary  History  of  Mono  Valley,  California. 

U.S.  Geol.  Survey,  8th  Ann.  Rept.,  I887-I889,  pt.  1,  I889, 
pp.  261-394. 


11-22 


* ^ 

11-12 . Butuzova,  G.  Yu.;  Iron-ore  Sediments  of  the  Fumarole  Field  of 
Santorin  Volcano,  Their  Composition  and  Origin.  Doklady 
Akademii  Wauk  SSSR,  vol.  l68,  no.  6,  I966,  pp.  ll^00-l40i^. 

BIBLIOGRAPHY 


Brunt,  D.j  1932,  Quart.  Jour.  Royal  Met . Soc.,  58,  389. 

Carslaw,  H.  S.;  and  Jaeger,  J.  C.:  Conduction  of  Heat  in  Solids. 

Oxford,  Clarendon  Press,  2 ed. , SIOP,  1959* 


^ \ 

TABLE  ll-I.-  TIME  RATE  OF  CHANGE  OF  IMAGE  TONAL  DENSITY  DURING 
DIURNAL  CYCLE,  MONO  CRATERS  AREA,  JULY  27  AND  28,  I966 


Ground 

instrument 

station 

Flight- 

line 

number 

Geologic 
map  units 

Observations 

(a) 

Instrmnents 

Figure 

nvonber 

(this  report) 

Niunber  1 

Wilson  Creek 
Delta,  Black 
Point 

1 

Orb 

Qb  (=Qal  + Qm) 

Diurnal  surface- 
temperature  vari- 
ations (contact 
temperature ) 

Multiple  thermistor- 
probe  variable  se- 
quencer (Sprinkle) 

11-lU 

Number  lA 

Thermal  Ponds , 
Black  Point 

1 

- - 

Thermal  spring 
and  effluent 
temperature 

Temp  scribe 

- 

Number  2, 
Aeolian 
Buttes 

1 

Ka 

Qbt 

Surficial 

pumice  tephra 

Diurnal  radio- 
metric  surface- 
temperature 
veuriations 

IT-2 

IT-3 

Barnes  IR  thermometers 

11-15 

Number  3 

South  Beach, 
Mono  Lake 

2 

Qb  (includes 
pumice  and 
sand) 

Diurnal  surface- 
temperature  vari- 
ations 

Diurned.  temperature 
variations  at 
depth  (contact 
temperature) 

Multiple  thermistor- 
probe  variable  se- 
quencer (Sprinkle) 

11-17 

Mono  Lake  surface 

2 

1 

Correct  surface 
temperature  (con- 
tact temperature) 

Tempscribe 

11-18 

Number  U 
East  Piunice 
Sand  Flat  . 

3 

QpA  (includes 
pumice  and 
sand) 

Solar  flux  density 
(diurnal  varia- 
tions) 

Eppley  pyr heliometer 

11-lU 

1 

Airborne  radiometry 

2 

Mono  Lake 

Radiometric  surface 
temperature  of 
Mono  Lake 

IT-3 

B€u*ne&  IR  thermometer 

11-18 

Observers  — S.  J.  Gawarecki,  George  Boynton,  Philip  PMlbin,  J.  D.  Friedman. 
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TABLE  ll-II.-  INFRARED  FLIGHT  LOG  DATA,  MONO  CRATERS  AREA,  JULY  27  AND  28,  1966' 


Mark  I Heading 


Line 

nxamber 


Altitude 

(msl) 


July  27:  take-off,  07:25;  landing,  09:2U;  pilot.  Chapman;  copilot,  Simpson;  IR  crew,  Fross/Turner 


1 

X 

Minimum 

1. 

07:58 

08:05 

Minimum 

N 

2 

08:11 

08:l8 

X'  V 

Minimum 

s 

3 

03 :2a 

08:29 

X 

Minimum 

Dry  sun 

N 

1 

08:33: 

08:38 

X 

Minimum 

10. 5M 

S 

2 

08:U0 

08:48 

X 

Minimtim 

10. 5M 

N 

3 

08:50 

08:57 

X 

Minimum 

10. 5M 

Simpson;  IR  crew,  Fross/Turner 


S 

^ 1 

11:57 

12:04 

X 

Minimum 

10. 5M 

Signal  excessive;  reduced 

: N 

2 

12:07 

12:15 

X 

Minimum 

10. 5M  : 

bias  five  complete  turns; 

- s 

- 3 

12:17 

12:25 

X 

Minimum 

---10.5M 

...improvement  but..:still 
bottoming.  Scope  shows 

N V 

1 

12:28 

12:34 

X 

Minimum 

10. 5M 

some  noise  in  water. 

' S : 

N ■' 

2 

3 

■ •••  ; 

12:36 

12:46 

.12:44 

12:53 

X 

X 

Minimum 

Minimum 

10. 5M 
10. 5M 

weather  clear,  air  rough, 
some  clouds  over  lake. 

Finish  - printed  - warmup 

July  27:  take-off,  15:30;  landing,  17:22;  pilot.  Chapman;  copilot,  Simpson;  IR  crew,  Fross/Turner 


S 

1 

i6:03 

16:10 

X 

Minimum 

10. 5M 

^ N 

2 

16:12 

’ 16:19 

X 

Minimum 

10. 5M 

Signal  excessive;  reduced 

Si' 

3 

16:20 

16:29 

X 

Minimiam 

10. 5M 

bias;  still  bottoming. 
Light  clouds  over  -lake. 

N 

1 

16:31 

l6:38i 

X 

Minimum 

10. 5M 

clear  visibility,  a 

S 

2 

l6:4l 

16:46 

X 

Minimum 

10. 5M 

rough  ride. 

Ni 

3 . 

16:47 

16:55 

X 

Minimiim 

10. 5M 

Finish  and  warmup 

JULY  27  AND  28,  I966  - Concluded 


Altitude 

(msl) 

Remarks 

t,  Hegel;  IR  crew,  Fross /Turner 

10. 5M 
10. 5M 
10. 5M 
10. 5M 

j AGC/3/Mas,  2 

1 

10. 5M 

10. 5M 

Finish  - printed  - warmup 

copilot,  Hegel;  IR  crew^  Fross 


3 

10. 5M 

3 

10. 5M 

3 

10. 5M 

3 

10. 5M 

3 

10. 5M 

3 

10. 5M 

Finish  - printed  - warmup 

copilot,  Hegel;  IR  crew,  Fross 


10. 5M 
10. 5M 
10. 5M 
a0.5M 


rxish  - printed  - warmup 


TABLE  ll-III.-  INTEGRATED  8y  TO  l4p  EMISSIVITIES  OF  ROCKS  FROM  MONO  CRATERS  AREA^ 

/•lUp  ~ 

T-  / e(X)B(X,T)dX 

_ ^N  ySy 

^ ■'  Ibb 

/ B(X,T)dX 

*'8V 


Field 

number 

Unit 

—^1  Rock  description 

Location 

1 

2 

3 

It 

Average 

G-66-11  ! 

Qvb 

Basaltic  lapilli  vith  lacustrine  silt; 
unconsolidated 

Delta  Channel, 
Black  Point 

0.986 

0.982 

0.986 

0.9-84 

- 0.985 

SF-66-18 

Qm 

Lacustrine  silt  encrusted  -t^ith  evaporite 
salts;  playa  in  crater 

South  Crater 
on  Paoha  Island 

.973 

.977 

.978 

.974 

.976 

G-.66-12 

■ 

Qal 

Fragile  crust ; pf  basaltic  sand  and  lacus- 
trine silt;  unconsolidated  deposit 

Delta  Channel, 
■Black  Point 

.976 

.972 

.972 

.976 

.974 

328 

QJlb 

Red,  oxidized, JbaSalt  cinder;  from  rim  of 
low  splatter  cones;  June  Lake  Basalt  unit 

1 mile  NE  June 
Lake  Junction 

.967 

.97^^ 

.973 

.976 

.973 

F-66-13 

Qm 

Unconsolidated  marl;  fragile  crust  of 
lecYistrine  silt 

SE  Paoha  Island 

.967 

.972 

.972 

.970 

.970 

F-66-16 

Qb 

Fragile,  calcareous,  crust ~of  lacustrine 
silt;  Yinconsolidated  beach  deposit 

Black  Point 
(station  l) 

.968 

.969 

.975 

.568 

.970 

G-66-J+B 

Qbt 

Bishop  tnff , i uppermost  unit;  tan,  crystal 
lithic:  rhyolite  tuff,  surface  rough, 
moderate  weathering 

Aeolian 

Buttes 

.963 

.98U 

.966 

.964 

.969 

339 

Qyrp 

Rhyolitic  lapilli;  rhyolite  pumice  and  ob- 
sidian fragments  and  assorted  basement 
rocks;  from  pyrOciastiC  rim 

East  rim  of 

crater,  9138  ft 

.968 

.967 

.971 

.968 

.969 

F-66-iUa.  " 

Qm 

Fragile  crust  of  lacustrine  silt  and  ba- 
saltic pyroclastics;  unconsolidated 

NE  Paoha  Island 

.968 

.962 

.965 

.969 

.968 

^ . ' 

Kern-Buettner-style  "Etuis sivity  Box”  — Barnes  IT-3  IR  ’tliermometer  (measurements  made  at  Infrared  Laboratory,  U.S.G.S.. 
ArlingtoriT  Yirginia,  by  David  L;  Daniels). 
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T.\BLE  U-III.-  INTEGRATED  8y  TO  lUji  EMISSIVITIES  OF  ROCKS  FRCW  MONO  CRATERS  AREA* 


lontinued 


e(X)B(X,T)dX 


Field 

munber 


Unit 


Rock  description 


Rhyolite  pumice;  low-dencity  pumice  with 
large  vesicles  juad  dark-colored  glass 


South  Coulee 


Sand  flat  unconsolidated  pyroclastic s 
rhyolite  lapllli;  ash  deposit 


Calcareous  lake  dejxasit;  white  carbonate 
coating  on  cemented  rhyolite  beach  sand 


South  shore 
beach  of 
Mono  Lake 


Bishop  tuff;  upper  unit;  tan,  crystal- 
lithic  rhyolite  tuff;  rough,  heavily 
weathered 


1 mile  SE  of 
Aeolian  Buttes 


Rhyolite  lapilll;  rhyolite  pumice  and 
obsidian  with  basement  rocks;  same  as 
number  339  except  higher  obsidlau  content 


Rhyolite  beach  sand 
fragments 


Beach-South 

shore  Mono  Lake 


Fragile  crust  of 
solidated  b^acl 


Black  Point 
(station  l) 


imcon- 


East3rn 

Paoha  Island 


Barnes  IT-3  IR  thermometer  (measiurements  made  at  Infr«u*ed  Laboratory,  U.S.G.S 


aem-Buettner-style  "Einissivity  Box 
Arlington,  Virginia,  by  I avid  L.  Daniels) 


TABLE  ll-III.-  INTEGRATED  8y  TO  lUy  EMISSIVITIES  OF  ROCKS  FROM  MONO  CRATERS  AREA®  - Continued 


T / e(X)B(X,T)dX 

■^N  >/8y 


^BB 


/•  l*+y 


B(X,T)dX 


Field 

number 

Unit 

Rock  description 

Location 

1 

2 

3 

U 

Average 

X-66-1 

Qyrc 

Rhyolite;  medium  density;  svirface  flat, 
smooth,  lightly  weathered 

South  side 
North  Crater 

0.953 

O.9I48 

0.91+9 

0.953 

0.951 

F-66-7 

QJlb 

Olivine  basalt;  abundant  plagioclase  pheno- 
crysts;  red-black,  dull,  rough,  weathered 
surface 

1 mile  NW  of 
June  Lake 
Junctiou 

.9^8 

.950 

.952 

.955 

.951 

F-66-1 

Qbt 

Bishop  tuff;  upper  vmit;  tan-violet,  crys- 
tal lithic  rhyolite  tuff;  rough,  light 
weathering 

1/2  mile  NV  of 
Aeoliem  Buttes 

.9^5 

.9U9 

.953 

.951 

.950 

f-66-U 

Qbt 

Bishop  tuff;  lower  weld^  vmit;  dense,  tan, 
crystal-lithic , rhyolite  tuff;  rough, 
heavily  weathered 

1 mile  south  of 
Aeolian  Buttes 

.9^6 

.9^6 

.91+6 

.950 

.91+7 

S— 66— 6 

Qfn 

Greenish  tuffaceous  sandstone 

East  side 
Pemha  Island 

.9^3 

.9^3 

.938 

.91+7 

.91+3 

F-66-9 

Qor 

Rhyolite;  vitrophyric  (feldspar  pheno- 
crysts)  gray-brown,  heavily  weathered 
surface 

2000  ft  NE  of 
Pvmch  Bowl 

.953 

.938 

.91+3 

.91+1+ 

.9U3 

F-66-8 

Qor 

Rhyolite;  vitrophyric  (abvmdant  1/8-inch 
feldspar  phenocrysts) ; gray-brown,  mod- 
erate weathering 

2000  ft  NE  of 
Punch  Bowl 

.9^0 

.9^2 

.91+2 

.91+2 

.91+2 

F-66-1 5 

QpvA 

Basalt;  fine-grained,  finely  vesicular; 
black,  fairly  fresh  svirface 

NE  quarter 
Paoha  Isleind 

.938 

.939 

.959 

.932 

.9U2 

®Kern-Buettner— style  "Ehiisslvity  Box”  — Barnes  IT— 3 IR  thermometer  (measurements  made  at  Infreured  Laboratory,  U.S.G.S., 
Arlington,  Virginia,  by  David  L.  Daniels). 


o 
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TABLE  ll-III.-  INTEGRATED  8y  TO  EMISSIVITIES  OF  ROCKS  FROM  MONO  CRATERS  AREA^  - Continued 


“■N  Jb\i 


c(A)B(X,T)dX 


/•l^u 

/ B(X,T)dX 

ySu 


Rock  description 


Andesite;  large  plagioclase  phenocrysts, 
lithic  inclusions,  layered  fine-grained 
groxind  mass;  dvill  surface 

Rhyolite;  medium  density;  surface  flat, 
rough,  moderate  weathering 

Olivine  basalt;  abundant  plagioclase  pheno- 
crysts, rough,  diill-black  surface 


Rhyolite;  dense  flow  material;  surface  flat, 
rough,  dark  weathering 

Andesite;  plagioclase  phenocrysts;  lithic 
inclusions , layered  fine-grained  ground 
mass;  smooth  surface  coating 

Rhyolite  pumice;  finely  vesicular,  medium 
density,  blocky  ejecta;  flat,  rough, 
weathered  surface 


Location 


2 miles  NW  of  0.936  | 0.9l*2  0.9l»0  O.9U9 

Crater  Mo\intain  i 


South  side 
North  Crater 

1 mile  NW  of 
June  Lake 
Junction 

South  side 
North  Crater 

2 miles  NW  of 
Crater  Mountain! 


Satellite  cone, 
1 mile  SE  of 
North  Crater 


Medium-grained,  biotite  queurtz  monzonite  Aeolian  Buttes 


Olivine  basalt;  ab\indant  plagioclase  pheno- 
crysts, rough,  black,  d\ill  glossy  surface 


1 mile  NW  June 
Lake  Junction 


.938  .938  .91*0 


.938  .91*0  .935 


.9^4  .930  .93^* 


.936  .935  .91*7 


.93I4  .936  .93U 


.928  .933  .932 

.926  .933  .927 


*^®rn-Buettner— style  Ehiisslvlty  Box”  Barnes  IT— 3 IR  thermometer  (measurements  made  at  Infrared  Laboratory,  U.S.G.S. 
Arlington,  Virginia,  by  David  L.  Daniels).  ** 
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TABLE  n-III.-  INTEGRATED  8y  TO  lUy  EMISSIVITIES  OF  ROCKS  FROM  MONO  CRATERS  AREA®  - Concluded 

rlU\i 

^N  Jqu 


N ysu 


e(X)B(X,T)dX 


£ 


B(X,T)dX 


Field 

nvunber 

Unit 

- - 

Rock  description 

Location 

1 

2 

3 

k 

Average 

G-66-27A 

Qyrc 

Rhyolite;  dense,  grades  into  obsidian;  flat 
smooth  stirface,  relatively  unweathered 

North  Coulee 

0.902 

0.913 

— 

0.927 

0.913 

0.91** 

S-66-3C 

Qam 

Andesite;  large  plagioclase  phenocrysts, 
lithic  inclusions,  aphanitic  ground  mass; 
gra> , dull,  glossy  surface 

2 miles  NW  of 
Crater  Mountain 

.916 

.920 

.895 

.918 

.912 

G— 66— 2C 

Qyrt 

Deurk  rhyolitic  obsidian;  dull,  frosted 
fracture  s\irface 

Talus  slope 
North  Crater 

.891 

.890 

.900 

.90U 

.896 

G-66-2A 

Qyrt 

Gray-black  rhyolite  obsidian;  smooth, 
glassy  fracture  surface 

Talus  slope 
North  Crater 

.868 

.867 

0 

t- 

00 

.871 

.869 

G-66-2B 

Qyrt 

Gray-black  rhyolite  obsidian;  smooth, 
glassy  fracture  surface 

Talus  slope 
North  Crater 

CD 

ON 

.868 

.870 

.870 

.868 

®Kern-Buettner-style  "Einissivity  Box"  — Barnes  IT-3  IR  thermometer  (meastirements  meide  at  Infrared  Laboratory,  U.S.G.S., 
Arlington,  Virginia,  by  David  L.  Daniels). 


o 


o 


4 


11-50 


TABLE  11- rV.-  RELATIOHSHIF  BETWEEH  AMPLITUDE  OF  DIURNAL  SURFACE-TEMPERATJRE  CURVES  AND  THERMAL 
PARAMETERS  FOR  SELECTED  LITHOLOGIES  OF  THE  MONO  LAKE  AREA.  JULY  2Ti  AND  28,  1966 


Lithology 


Qvb.  basalt, 
laplUi  ash 
of  Black 
Point 


QpA.  Qb, 
rhyolite 
puBiceous 
sand  of 
South  Beach 
and  pumice 
sand  flats 


Qbt,  Bishop 
tuff  (upper 
unit)  of 
Aeolian 
Buttes 


Qal,  silty 
playa  crust 
and  deltaic 
deposits  of 
Black  Point 


lacustrine 
carbonate 
crust  of 
Block  Point 


Amplitude 
of  diurnal 
surface  tem- 
perature 
curre,  *C 
(a) 


F^/B 


57  t 2 


51  ± 1 


50  ± 2 


t 1 


1»7  t 2 


(b) 


0.U62 


0.U39 


Net  reilcOit 
solar  flux, 

F.  - J (1  - r ) 


o o 
(c) 


Incident 

radiant 

flax, 


(d) 


0.017 


O.OOU 


0.375 


O.J»27 


0.U23 


0.015 


0.0250 


Total  reflec- 
tivity expressed 
in  terms  of  absorp- 
tion of  sclar  radia- 


tion, 1 - r 


(e) 


0.75 


0.0250 


0.0250 


0 . un 


0.005 


0.0250 


0.0250 


0.2 


0.6 


0.i» 


Thermal 
inertia 

(6  » V*^PC), 

cgs  units 


0.037 


®0.009 


*0.040 


®0.02l* 


0.2 


0.012 


Thermal 

conduc- 

tivity, 

k 


O.OOU 


0.0006 


0.0028 


O.OOlU 


0.0011 


Bulk 

density, 

P 


Thermal 
diffu- 
sivity , 


0.011 


^1.0  ^O.OOl* 


"l.8 


^1.8 


1.8 


.0086 


Specific 
heat , C 


0.2 


Integrated 
emissivity, 
eX,  8ii  - lUy 


0.985  ± 0.003 


0.16 


^C.l8 


0.003 


0.003 


0.2i* 


0.2 


0.958  ± C.006 


0.91*7  ± 0.003 


0.957  ± O.OOl* 


0.97**  ± 0.002 


*Prom  recorded  stirface— tesqwrature  curves. 

'’Calciaated  from  T ■ T.  ♦ P f 
o md  o 


Estimated  from  diurnal  temperature  curves. 


S 


^Calculated  from  F ■ J (1  - r^). 

000 


rom  recorded  Eppley  pyrheliometer  curve. 


Approximately  equal  to  U-S.G.S.  laboratory  determinations  by  data 
cited  in  Clark,  S.  J..  1S*66,  Handbook  of  Geophysical  Constants. 

^^timated. 

Laboratory  determinations. 


Estimated  from  diurnal  temperature  curve. 


TABLE  11- IV.-  RELATIONSHIP  BETWEEN  AMPLITUDE  OF  DIURNAL  SURFACE-TEMPERATURE  CURVES  AND  THERMAL 


PARAMETERS  FOR  SELECTED  LITHOLOGIES  OF  THE  MONO  LAKE  AREA,  JULY  27  AND  28,  I966  - Concluded 


Lithology 


Amplitude 
Of  ditirnal 
surface  tem- 
perature 
curve,  °C 
(a) 


Net  radiant  Incident 
o solar  flux,  radiant 

(h)  F = J (1  - r ) flux,  J 
O O O ’ o 

(c)  (d) 


Total  reflec- 
tivity expressed  Thermal  Thermal 


Integrated 


fth, 

lacustrine 
Carbonate  . 
cementing 
pebbles  of 
South  Beach 


36  ± 1 


Ka,  quartz 
monzonite 
of  Aeolian 
Buttes'  ' 


^From  recorded  surf ace-temperature  curves . 


Calculated  from  T = T , + F f . 

o md  o • 


'Calculated  from  F = j (l  - r ). 

0 0 o 


From  recorded  Eppley  pyrheliometer  curve . 


Estimated  from  diurnal  temperature  curve. 


LlR;.-'-.- 


if 


0.0250 


in  terms  of  absorp-  inertia  conduc-  , . ! diffu-  Specific  emissivity, 

tion  of  solar  radia-  , ^ j sivity,  heat,  C eX,  8u  - lUp 

tion,  1 - r k ^ la 


cgs  units 


0.038  “0.OOI4  “2.0  Q.Oll  "0.18  0.965  ± 0.003 


So.OfaO  ^ ^0.0075  ^2.8  ^0.017  ^O.l6  0.931  ± D. 003 


Estimated  from  diurnal  temperature  curves. 


Approximately  equal  to  U.S.G.S.  laboratory  determinations  by  data 
cited  in  Clark,  S.  J.,  1966,  Handbook  of  Geophysical  Constants. 

^stimatedl 


Laboratory  determinations . 
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Solar  flux  density 


a.  Incident  radiant  solar  flux. 


Figure  11-2.-  Incident  radiant  solar  flux  and  surface  temperature.  Mono  Instrument  Stations, 

Mono  Lake  area,  July  27  and  28,  1966. 


Temperature 


I I I I I 

Surface  radiant  temperature  of  Bishop  tuff  (Qbt)  at 

Aeolian  Buttes  measured  by  IT-2  IR  radiometer 
and  recorded  on  strip  charts 


Interpolated 


.m.  11p.m.  4a.m. 

July  26  July  27 


Surface  radiant  temperature  of  quartz  monzonite  (Ka)  at 
Aeolian  Buttes  measured  by  IT-3  infrared  radiometer 
and  recorded  on  strip  charts 

I 1 I I I 


9a.m.  2p.m.  7p.m.  12midnlght  5a.m.  10a.m. 

July  28 

Time  of  day 


Figure  11-3.-  Surface  radiant  temperatures,  Aeolian  Buttes,  Mono  Lake 

July  27  and  28,  1966. 
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Figxire  11-U.-  Surface  and  near-surface  temperatures  determined  by  thermistor  probe.  Mono  South 

Beach  station,  July  27  und  28,  1966. 


1 

2 

T n ; 1 1 1 1 1 1 — 

Mono  South  Beach  Station  thermistor  probe  1,  no.  2012, 

Qp  Rhyolitic  pumiceous  sand  dune  surface-depth  of  1/8  in.± 
Mono  South  Beach  Station  thermistor  probe  2,  no.  2024, 

Qp  Rhyolitic  pumiceous  sand,  4 in.  depth 
Mono  South  Beach  Station  thermistor  probe  3,  no.  2011, 

Qp  Rhyolitic  pumiceous  sand  surface 

Mono  Rparh  fhprmicfnr  nrnhp  4 . no.  9050  . 
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Figure  11-6.-  Surface  temperature  of  Mono  Lake,  South  Beach  area, 

120  feet  out  in  3-foot  depth  at  6 inches  below  surface  (tempscribe), 
July  27  and  28,  1966. 
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a.  07:25  hours.  b.  11:57  hours. 

Figure  11-7.-  Infrared  imagery  within  the  8y-  to  l4y -wavelength  region, 
July  27  and  28,  1966,  Black  Point,  California.  Note  the  reversal  of 
image  density  of  water  and  land  areas  during  the  diurnal  cycle.  The 
relative  change  in  radiance  of  lithologic  surfaces  indicates  different 
F^/3  ratios  for  Qvb  (area  a),  Qm  (area  b),  and  Qal  (area  c).  Maxi- 
mum lithologic  distinctions  are  apparent  between  20:00  and  2^:00  hours. 
Convective  heat  loss  from  effluent  ponds  (area  d)  retaining  discharge 
from  thermal  spring  is  most  striking  between  20:00  and  0i+:00  hours. 

The  maximum  effect  of  differential  solar  heating  of  a topographic  sur- 
face appears  at  07:25  hours.  Thermal  currents  in  the  lake  (area  e) 
are  probably  the  result  of  cold  spring  discharge.  The  area  of  iso- 
dens  itracer  scans  shown  by  areas  f;  approximately  the  same  areas  were 
scanned  for  all  the  photographs.  Ground  monitoring  station  g,  located 
near  geologic  contacts  between  Qvb,  Qm,  and  Qal,  was  instriimented  with 
an  automatic-recording  multiple  thermistor-probe/variable-sequencer 
system  to  establish  diurnal  surface -temperature  variation  of  several 
lithologies;  a similar  thermistor-probe  telethermometer  system  was 
operated  at  area  h;  Tempscribes,  a recording  thermograph,  and  bulb 
thermometers  were  utilized  to  determine  surface  and  thermal  spring  ef- 
fluent temperatures  at  area  i. 
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a.  08:11  hours. 


b.  12:07  hours. 


Figure  11-8.-  Infrared  imagery  within  the  8y-  to  lUy-wavelength  region, 

Poaha  Island,  Mono  Lake,  California,  July  27  and  28,  I966.  Lithologic 

distinctions  arising  from  the  F /3  parameter  are  most  definitive  at 

o 

20:10  hours.  Note  that  emission  from  QpvA  (area  a)  is  greater  to  the 
northwest  where  pyroclastics  grade  into  a basaltic  lava  flow.  Emis- 
sion from  thickest  part  of  the  lava  flow  remains  highest  through 
0U:07  hours.  The  northern  part  of  Qm  (area  b),  rich  in  ashfall  com- 
ponents, shows  greater  emission  than  the  southern  three-quarters  of 
the  Qm  (area  c).  The  lowest  emission  throughout  the  diurnal  cycle  is 
from  salt-pan  evaporites  in  the  pit  of  the  pyroclastic  crater  (area  d) 
and  in  the  blowout  crater  (area  e).  On  the  western  side  of  the  island 
(area  f),  wet  evaporating  pan  or  playa  surface  exhibits  high  radiance 
from  its  center  during  nighttime  surveys,  but  the  darker  color  resembles 
dry  evaporites  in  tonal  density.  Morning  imagery  (08:11  hours)  shows 
the  best  topographic  detail.  Note  the  transecting  pyroclastic  craters 
(area  g),  the  lava  flow  ridges  (area  h),  the  landslip  topography, 

(area  i),  the  wavecut  bench  and  remnants  of  former  shoreline  (area  j). 
Thermal  anomalies  (area  k)  representing  convective  heat  loss  from  ther- 
mal springs  and  fumaroles  and  related  thermal  currents  in  the  lake  are 
distinct  from  the  20:10-  to  08: 11-hour  surveys.  Cold  currents  (area  l) 
representing  discharge  from  springs  are  most  clearly  delineated  at 
08: 11  hours,  but  are  partially  visible  (area  1^)  on  nighttime  imagery. 

The  areas  of  isodensitracer  scans  are  shown  by  areas  m;  approximately 
the  same  areas  were  scanned  for  all  the  photographs. 


a.  07:58  hours 


b.  12;04  hours 


Figure  11-9.-  Infrared  imagery  of  Aeolian  Buttes,  3 miles  west  of  Mono 
Craters  complex,  California,  8y-  to  l4y -wavelength  region,  July  27  and 
28,  1966.  Bedrock  outcrops  of  Aeolian  Buttes  inlier  exhibit  lower 
amplitude  diurnal  surface-temperature  change  than  surrounding  uncon- 
solidated material.  Note  the  reversal  in  comparative  image  tonal  den- 
sity. The  innermost  outcrops  in  the  Aeolian  Buttes  area  (area  a)  are 
quartz  monzonite  (Ka);  the  outer  ring  (area  b)  represents  exposures  of 
upper  units  of  Bishop  tuff  (Qbt);  unconsolidated  materials  (area  c) 
are  largely  lucustrine  deposits  (Ql^)  overlain  by  a recent  tephra 

layer  of  pumiceous  rhyolite  lapilli  and  ash  (Qyrp).  Slightly  greater 
nighttime  emission  from  quartz  monzonite  (Ka)  than  from  Bishop  tuff 
(Qbt)  outcrops  can  be  attributed  to  the  higher  thermal  inertia  of 
quartz  monzonite.  The  unconsolidated  tephra  layer  (Qyrp)  has  a lower 
thermal  inertia  and  a higher  total  reflectivity  than  either  type  of 
bedrock.  The  ground  monitoring  station  (area  d)  located  on  the  geo- 
logic contact  between  the  quartz  monzonite  and  the  upper  units  of 
Bishop  tuff  was  instrumented  with  automatic-recording  Barnes  IT-2  and 
IT-2  fixed-field  radiometers  and  with  meteorologic  equipment  during 
the  period  of  the  survey. 


ll-i+9 


a.  08:11  hours.  b.  12:07  hours. 


Figure  11-10.-  Infrared  imagery  within  the  8p-  to  lUy-wavelength  region, 
July  27  and  28,  1966,  North  Coulee,  Mono  Craters  rhyolite-obsidian 
complex.  The  maximum  topographic  effect  appears  at  08:11  hours.  The 
relative  change  in  radiance  during  the  diurnal  cycle  reflects  differ- 
ent ratios  for  unconsolidated  material  and  bedrock.  Area  a is 

Qp,  rhyolite  pumice  tephra  (ash  and  lapilli);  area  b is  Qyrp,  rhyolite 
pumice  tephra  rings  and  cones;  area  c is  Qyrt,  rhyolite  and  obsidian 
of  tholoids  with  overlying  Qyrp  in  places;  and  area  d is  Qam,  andesite. 
The  upper  stage  of  tholoid  (area  c)  shows  relatively  different  radiance 
during  the  diurnal  cycle  than  the  lower  stage,  suggesting  that  the 
upper  stage  is  composed  of  blocky  rhyolite  and  obsidian,  devoid  of  fine 
pyroclastics , as  is  the  small  subsidiary  cone  at  area  e.  The  ashfall 
tephra  coating  much  of  the  lower  stage  may  indicate  pyroclastic  erup- 
tions from  the  volcanic  complex  immediately  to  the  south  between  the 
time  of  formation  of  the  lower  and  upper  stages  of  the  North  Coulee 
tholoid.  The  low  nighttime  emission  from  troughs  (area  f)  between  the 
flow  ridges  of  lower  stage  may  be  the  result  of  interplay  of  several 
factors:  the  concentrations  in  the  troughs  of  fine  pyroclastics  having 

low  thermal  inertia,  the  blackbody  cone  effect  of  troughs  causing  in- 
creased emissivity  and  thus  entailing  greater  heat  loss  at  night,  and 
the  topographic  effect  on  incident  solar  radiation  during  the  day, 
causing  the  thermal  shadows  and  lower  surface  temperatures  of  the  walls 
of  the  troughs.  The  movement  of  denser  cool  air  troughs  may  also  con- 
tribute to  lower  temperatures  in  troughs. 


d.  20:3ti  hours 


Continued 
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Figure  11-11.-  Infrared  imagery  of  the  main  rhyolite-obsidian  complex  at 
Mono  Craters  within  the  8y-  to  li+y -wavelength  region,  08:00  hours, 

June  U,  1965.  The  major  effect  in  early  daytime  imagery  is  the  enhance- 
ment of  topographic  and  microrelief  features  subject  to  the  most  direct 
solar  heating.  The  intensity  of  the  incident  radiant  flux  is  dependent 
upon  the  inclination  of  the  solar  rays  to  the  topographic  surfaces j 
emission  in  the  8y  to  lUy  interval  from  the  surface  is  a function  of 
this  insolation.  Thermal  shadows  are  the  result  of  relatively  low  emis- 
sion from  cooler  shaded  areas.  These  effects  in  early  morning  imagery 

accentuate  textural  patterns,  microrelief,  low-order  relief  features  f 

and  other  geomorphic  details.  Note  the  outlines  and  texture  of  slope- 

wash  and  fan  deposits  west  of  the  crater  complex  (area  a),  the  texture  \ 

and  lineaments  in  pumiceous  tephra  east  of  the  crater  complex  (area  b),  ; 

the  details  of  crater  morphology  (area  c)  — particularly  in  the  dis- 
sected pyroclastic  cones  and  explosion  pits  of  the  main  range,  the  late- 
stage  explosion  pit  (area  c^)  in  the  bedrock  of  Punchbowl,  the  tholoid 

completely  enclosed  by  older  tephra  ring  (area  c^),  the  flow  ridges  and  ’ 

outflow  centers  in  the  rhyolite-obsidian  tholoids  and  coulees  (area  d),  ‘ 

the  vertical  turreted  tholoid  of  Wilson  Butte  (area  d ) , the  biscuit- 

shaped  obsidian— rich  Glass  Mountain  tholoid  and  flow  with  prominent  flow 

ridges  and  outflow  centers  (area  d^),  the  outcrop  pattern  of  the  June  • 

Lake  basalt  sheet  west  of  the  crater  complex  (area  e),  the  configuration 
of  the  Tahoe-age  morainic  ridges  near  Aeolian  Buttes  and  South  Coulee 
(area  f),  the  Aeolian  Buttes  inliers  of  quartz  monzonite  ringed  by  the 
upper  units  of  Bishop  tuff  (area  g),  the  vet  spot  (dark)  in  the  center 
of  the  pumiceous  sand  flat  east  of  Punchbowl  (area  h),  suggestive  of 
playa  conditions. 
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Figure  11-19.-  Isodensity  scan  of  IR  imagery,  northeastern  Paoha 
Island,  Mono  Lake,  20:10,  July  27,  1966. 
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Figure  11-20.-  Isodensity  scan  of  post-sunset  IR  imagery,  northeastern  Paoha  Island 

Mono  Lake,  20:38,  July  27,  1966. 
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Figure  11-21.-  Isodensity  scan.  Northeastern  Paoha  Island,  Mono 
Lake,  showing  virtual  disappearance  of  radiant-temperature 
distinctions  between  most  lithologic  units  (e.g.,  areas  a'  and 
b’)  by  U:07  a.m. , July  28,  1966,  compared  to  8:00  p.m.  imagery 
with  the  exception  of  the  residual  anomaly  at  area  c'  corre- 
lated with  the  position  of  the  andesite-basalt  flow  ridge. 

Note  the  reversal  in  the  comparative  temperature  position  of 
Mono  Lake  (area  d’):  Lake  water  exhibits  higher  radiance  at 

this  predawn  hour  than  bedrock  or  unconsolidated  materials. 
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Figure  11-22.-  Isodensity  scan  of  IR  imagery  showing  area  of 
thermal  anomalies,  eastern  Paoha  Island,  Mono  Lake,  20:10, 
July  2T , 1966.  (Only  12  isorJensity  units  used.) 
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Figure  11-23. ~ Isodensity  scp,n  of  IR  imagery  showing  area  of  thermal  anomalies 
in  detail,  eastern  Paoha  Island,  Mono  Lake,  20:38,  July  27,  1966.  (Twenty- 
one  isodensity  units  permits  delineation  of  five  thermal  anomalies  as  distinct 
from  normally  warm  andesite-basalts  which  appear  as  units  of  lower  density. ) 
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Figure  11-2U.-  infrared  image  density  in  relation  to  surface 
temperature.  Black  Point,  Mono  Lake,  California,  July  27  and 
28,  1966.  Determined  from  isodensity  scans  of  IR  imagery. 
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Figure  11-25.-  Change  in  relative  film  density  with  time  during  a diurnal  cycle  for  three  lithol- 
ogies and  water.  The  film  density  of  each  material  is  plotted  in  relation  to  the  maximum  film 
density  for  each  of  six  sequences  of  imagery.  Maximum  film  density  is  a function  of  changes  in 
radiance  and  amplifier  gain  setting  and  to  a lesser  extent  of  film  processing  and  isodensitom- 
eter settings.  Film  densities  at  the  maximum  film  density  line  or  at  the  0.12  line  suggest 
that  the  amplifier  signal  may  have  been  near  or  beyond  the  latitude  of  the  film.  Black  Point, 
July  27  and  28,  1966. 
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Apparent  emissivity 


Figure  11-26.-  Change  in  apparent  emissivity  as  a function  of  cavity  shape 

and  integrated  emissivity  8p-lUy  cavity  wall  (ref.  11-6). 
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Figiire  11-27.-  Graph  of  f(X,6,o),T)  for  a diurnal  cycle  at  the  summer  solstice,  autumnal 

equinox,  and  July  27  and  28,  1966,  for  latitude  38°  N. 
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Figure  11-28.-  Theoretical  diurnal  surface  temperature  variations  for  lacustrine  carbonate 
deposits  (Qm)  of  Black  Point  and  for  olivine  basalt  lapilli-ash  (Qyb)  of  Black  Point, 

July  27  and  28,  1966.  = 29°  C,  estimated  coefficient  of  absorption  of  solar  radiation 

for  Qm  = 0.2  and  for  Qvb  ^0.75  and  F ^ = 0.005  cal-cm  ^-sec  F . , ~ 

r o -1  o,(^  o,Qpbp  — 

0.17  cal-cm  -sec  ; X = 38°  N;  6 = 19°20’;  and  u)  = 27t/P,  where  P = 86.UOO  seconds. 

Values  of  8 in  c.g.s.  units  are  8^  = 0.011  and  8^ = O.OUO. 

Qm  Qvb 
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Figure  11-29.-  Theoretical  variation  in  surface  temperatiores  of  upper  unit  of  Bishop  tuff  (Qbt) 

and  quartz  monzonite  (Ka)  of  Aeolian  Buttes,  July  2J  and  28,  I966.  T ^ = 25°  C.  The  esti- 

md 

mated  coefficient  of  absorption  of  solar  radiation  for  both  Qbt  and  Ka  = 0.6;  F ^ = 

_o  PI  ^ ’ Qbt 

0.015  cal-cm  -sec  ; F ^ ^ 0.015  cal-cm"  -sec”  ; X = 38°  N;  6 = 19°20';  and  cd  = 2tt/P, 

o , i\.a 

where  P = 86.UOO  seconds.  Values  of  6 in  c.g.s.  units  are  3,.,  . = O.OUO  and  ^ = O.O6O. 
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Figure  11-30.-  Recorded  variations  in  apparent  surface  temperature  with  time  during  a period 
of  IR  survey.  Black  Point,  California,  for  two  lithologies,  July  27  and  28,  I966.  Determined 
by  variable-sequencer /thermistor-probe  system.  Qm  is  lacustrine  carbonate  crust,  and  Qvb  is 
olivine  basalt  lapil3i-ash  of  Black  Point.  The  emissivity  (8y  to  li+y)  of  Qm  = 0.9TU  ± 0.002; 
the  emissivity  of  Qvb  = O.985  ± 0.003. 
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Figure  11-31.-  Recorded  variations  in  blackbody-equi valent  surface  temperature  with  time  during 
period  of  IR  survey,  Aeolian  Buttes,  California,  July  27  and  28,  1966.  Determined  by  IT-3 
Barnes  IR  radiometers.  Ka  is  quartz  monzonite,  and  Qbt  is  upper  low-density  unit  of  Bishop 
tuff.  The  emissivity  (8p  to  lUp)  of  Ka  = 0.932  ± 0.00^+;  the  emissivity  of  Qbt  = O.961  ± 
0.002. 


Fig\ire  11-32.-  Aerial  photograph  of  Paoha 
Island  showing  areas  scanned  by  isoden- 
sitracer  technique.  Arrows  on  east  side 
indicate  points  of  thermal,  emission. 


a.  Thermal  spring  end  fumarolic  deposits  forming 
a southward- jutting  peninsula  along  the  prob- 
able extension  of  a fracture  zone,  eastern 
Paoha  Island. 


b.  Recent  andesite-basalt  volcanics  (QpvA)  cut 
by  fracture  zones  containing  epithermal  or 
themal-spring  deposits.  Hot  springs  are 
concentrated  along  the  lakeward  extension 
of  fracture  zones. 


Figure  11-33.-  Photographs  of  thermal-spring  deposits,  recent  andesite-basalt  volcanics,  structural 
deformation  of  wavecut  bench,  and  the  water  morphology  of  Paoha  and  Negit  Islands. 


Jj- 

^ - ll  « 

1 Ll 

■ • - -lir 

c.  structural  deformation  of  lacustrine  deposits  d.  Northern  Paoha  and  Negit  Islands  (view  west). 

(Qm)  of  wavecut  bench,  western  Paoha  Island.  Note  transecting  pyroclastic  craters  in  fore- 

ground and  rough- surfaced  flow  forming  ridge 
(area  a)  in  the  right  middleground.  The 
andesite-basalt  crater  and  flows  (area  b)  of 
Negit  Island  appear  in  the  right  background. 
Highly  reflective  diatomaceous  lacustrine  de- 
posits (area  c)  form  a rim  around  the  volcan- 
ics  of  both  Paoha  and  Negit  Islands. 

Figure  11-33.-  Concluded. 
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Figiire  11-3^.-  Subsided  Santorin  (Thira)  caldera  in  the  Cyclades  archi- 
pelago, Aegean  Sea.  Geologic  features  similar  to  Mono  Lake  basin 
include  comparable  scale,  comparable  recency  of  caldera  subsidence, 
and  late-volcanic  stage  emergence  of  central  island  craters  with  Nea 
and  Palaia  Kaimeni  analogous  to  Paoha  and  Negit  Islands.  There  have 
also  been  parallel  inward  shifts  of  focus  of  volcanic  activity  with 
time ^toward  Nea  Kaimeni  and  Paoha,  somewhat  similar  lithologies  (Nea 
Kaimeni,  andesitic  volcanic  products,  Paoha,  andesitic-basaltic  vol- 
canic products),  similar  widespread  tephra  layers  resulting  from 
earlier  pyroclastic  eruptions,  and  similar  late-stage  distribution 
of  convective  thermal  anomalies  peripheral  to  the  central  islands. 
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GEOLOGIC  EVALUATION  OF  THERMAL  INFRARED  IMAGERY, 

CALIENTE  AND  TEMBLOR  RANGES  j SOUTHERN  CALIFORNIA 

By  Edvard  W.  Wolfe 
U.S.  Geological  Survey 


ABSTRACT 


I Thermal  infrared  (8y  to  13y)  imagery  vas  obtained  in  the  Caliente 
and  Temblor  Ranges  and  Carr izo  Plain,  southern  California,  in  the  pre- 
dawn and  postsunrise  hours  of  June  l8,  I965.  Field  observations,  meas- 
urements Of  moisture  and  specific  gravity  of  the  regolith  and  radiation 
temperatures,  and  comparison  with  geologic  maps  and  aerial  photographs 
lead  to  the  following  conclusions : 

1.  The  specific  gravities  of  surficial  materials  (usually  not 
bedrock)  influence  tonal  densities  in  the  predawn  infrared  imagery, 

2.  Geologic  interpretation  of  tonal  density  patterns  is  complicated 
by  topographic,  atmospheric,  and  vegetative  effects  on  predawn  radiation. 


3.  Geologic  features,  such  as outcrop  patterns  and  some  faults,  are 
recognizable  in  the  infrared  imagery,  as  well  as  in  aerial  photographs. 
The  sensitivity  of  the  system  to  microclimatic  anomalies  may  be  valuable 
in  aiding  recognition  of  some  geologic -features  with  subtle  topographic 
expression. 


4.  : Local  radiative  anomalies,  previously  suggested  to  be  caused 

by  the  occurrence  of  groundwater  at  shallow  depths,  may  be  caused  by 
nighttime  entrapment  of  cold  air  in  poorly  drained,  topographically  low 
areas.  . 

5.  Post sunrise  infrared  imagery  is  dominated  by  the  preferential 
warming  of  slopes  exposed  to  the  early  morning  sun  and  resembles  low- 
sun-angle  photographs . 


INTRODUCTION 


Thermal  infrared  (IR)  imagery,  recording  radiation  from  8y  to  13y 
in  wavelength,  was  taken  hy  NASA  on  June  l8,  I965,  in  the  Carrizo  Plain 
of  southern  California.  A line  approximately  normal  to  the  regional 
geologic  structure  was  selected  for  detailed  analysis  and  is  shown  in 
figure  12-1,  Localities  at  which  supplemental  observations  were  made 
are  also  shown  in  figure  12-1.  A preliminary  report  on  IR  imagery  from 
the  Carrizo  Plain  was  made  by  Wallace  and  Moxham  (ref.  12-1 ).  A pub- 
lished geologic  map  (ref.  12-2)  was  extensively  used  in  the  Caliente 
Range,  and  unpublished  maps  by  T.  W.  Dibblee  and  J.  G.  Vedder  were  used 
to  evaluate  the  IR  imagery  in  the  Temblor  Range. 

Figure  12-2  is  a generalized  geologic  map  of  the  area  in  which  IR 
imagery  was  studied  in  detail.  The  stratigraphic  nomenclature  used  on 
the  map  and  in  this  report  is  that  of  Dibblee  (ref.  12-3). 

In  the  image  area,  the  Caliente  and  Temblor  Ranges  are  underlain 
by  steeply  dipping  clastic  rocks  of  late  Tertiary  age.  In  addition, 
three  basalt  flows  occur  within  the  Caliente  Range  sequence.  The 
Caliente  and  Temblor  Ranges  in  the  image  area  are  largely  mantled  by 
soil  or  debris  derived  from  the  underlying  strata,  and  extensive  out- 
crops of  bare  bedrock,  are  rare. 


INFRARED  IMAGERY 


The  IR  images  (figs.  12-3  and  12-i+)  are  line-scan  displays  of  the 
areal  distribution  of  radiation  intensities  in  the  8y-  to  13y -wavelength 
band.  A.reas  of  intense  radiation  are  relatively  light  in  tone;  those  of 
relatively  weak  radiation  are  dark  in  tone  in  the  IR  images »__Radiat ion 
intensity  varies  directly  with  emissivity  and  with  the  fourth  power  of 
absolute  surface  temperature.  Curvature  near  the  IR  image  margins  is  a 
distortion  inherent  in  the  scanning  technique. 

Figure  12-3  is  an  IR  image  made  shortly  before  dawn  (05:06  to 
05:10  Pacific  daylight  time)  so  that  the  effects  of  differential  solar 
heating  related  to  slope  orientation  are  minimized.  Figure  ‘12-4  is  afi 
IR  image  made  shortly  after  sunrise  (06:35  to  06:38  Pacific  daylight 
time).  In  this  IR  image,  surfaces  warmed  by  the  sun  appear  relatively 
bright  — much  as  they  would  in  early  morning  photographs.  Figure  12-5, 
an  aerial  photograph  of  the  northeastern  part  of  the  imaged  strip,  was 
taken  from  approximately  35  000  feet  on  a midsummer  day. 

To  facilitate  comparison  and  discussion,  observation  points 
(localities:)  are  numbered  On  the  predawn  and  post  sunrise  IR  images 
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(figs.  12-3  and  12-4)  as  well  as  on  the  aerial  photograph  (fig.  12-5). 
The  following  tabulated  annotations  are  numbered  to  correspond  to  the 
numbers  on  figures  12-3  to  12-5.  Unless  specifically  noted  otherwise, 
the  annotations  refer  to  the  predawn  IR  image  (fig.  12-3). 

1.  The  subparallel  white  lines  coincide  at  least  in  part  with 
local  strike  ridges  on  which  bare  sandstone  beds  and  basalt  flows  are 
exposed.  The  pebbly  texture  is  chaparral. 

2.  The  white  line  coincides  With  a sharp  break  in  slope  at  the 
outer  edge  of  a terrace  mantled  by  old  alluvium. 

3.  Flat  to  slightly , concave  remnants  of  an  old  alluviated  surface 
appear  dark,  as  do  portions  of  nearby  stream  canyons, 

4.  The  white  line  coincides  with  a strike  ridge  on  which  the 
uppermost  of  three  basalt  flows  forms  a bold  outcrop  of  bare  rock. 

5.  This  is  the  same  strike  ridge  as  item  2,  but  here,  where  the 
white  line  is  indistinct,  the  basalt  is  mantled  by  soil  and  rubble. 

6.  The  ^ white  line  corresponds  to  a bare  outcrop  of  hard,  light- 
colored  mudstone  to  sandy  mudstone.  The  adjacent  bedrock  is  mantled 
by  soil. 

7.  The  dark  band  corresponds  to  the  outcrop  of  the  Quatal  Forma- 
tion, a mudstone  consisting  largely  of  expanding  clay  in  contact  with 
sandstones  of  the  Caliente  and  Morales  Formations. 


8.  The  small  dark  patches  correspond  to  outcrops  of  reddish-bro>m, 
expanding  clay  in  the  Morales  Formation.  The  bordering  materials  giving 
brighter  tones  are  sandy  soils  developed  on  the  Morales  Formation  and 
deposits  of  sandy  and  gravelly  alluvium  that  veneer  all  but  the  small 
areas  represented  by  the  dark  spots.,. 

9.  This  area  IS  a Ipw  hill  underlain  by  claystone,  sandstone, 
and  conglomerate  of  the  Morales  Formation  .[  The  hill  is  bounded  by  broad 
alluviated  areas.  In  postsimrise  IR  imagery,  the  hill  is|  more  distinctly 
outlined  because  of  preferential  heating  of  slopes  exposed  to  the  sun, 

10.  This  area  is  a small  hill  a few  feet  high  and  relatively  ' 

bright.  The  hill  lies  within  a dark  region  that  corresponds  approxi- 
mately with  the  lowest  part  of  the  Garrizo  Plain  in  the  IR  image  area. 

The  IR  images  show  agricultural-field  patterns  and  fan  patterns  where  • 
intermittent  streams  debouch  onto  the  broad,  alluviated  Garrizo  Plain. 
Because  the  Garrizo  Plain  is  nearly  flat , there  is  almost  no  preferential 
solar  heating,  and  the  post sunrise  IR  image  closely  resembles  the  pre- 
dawn IR  image. 
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11.  The  dark  spots  represent  accumulations  of  tumbleweed  against 
a fence  at  the  northeast  edge  of  the  Carrizo  Plain. 

12.  This  is  a northwest-trending  trench  along  a recently  active 
trace  of  the  San  Andreas  fault.  Well-drained  gully  bottoms,  including 
the  trench  along  the  fault  and  the  fine  gullies  forming  a filigree  pat- 
tern on  the  low  ridge  southwest  of  the  fault,  appear  bright. 

13.  These  are  two  elongate  hills  underlain  by  Bitterwater  Creek 
Shale.  The  hills  project  through  the  alluvial  apron  that  underlies  the 
Elkhorn  Plain  at  the  foot  of  the  Temblor  Range.  The  Bitterwater  Creek 
Shale  is  dark  in  the  IR  imagery,  but  the  shale  is  bright  in  the  aerial 
photograph. 

14.  This  area  is  Bitterwater  Creek  Shale  in  contact  to  the  north- 
east with  very  coarse  conglomerate  of  the  Santa  Margarita  Formation. 

The  conglomerate  and  alluvial  aprons  that  bound  it  on  the  southwest  are 
bright  and  contrast  sharply  with  the  darkly  imaged  Bitterwater  Creek 
Shale.  In  the  aerial  photograph  (fig.  12-5),  the  contact  between  Santa 
Margarita  conglomerate  and  alluvium  is  readily  apparent. 

15.  Outcrops  of  downfolded  Bitterwater  Creek  Shale  are  dark;  the 
same  outcrops  are  bright  in  the  aerial  photograph.  The  geologic  map 
(fig.  12-2)  portrays  the  distribution  of  sandstone  and  shale  mapped 
together  as  Bitterwater  Creek  Shale.  The  IR  imagery  and  the  aerial 
photograph,  however,  display  shale  facies  in  sharp  contrast  to  sur- 
rounding rocks,  whether  they  be  Santa  Margarita  Formation,  a sandstone 
facies  of  the  Bitterwater  Creek,  or  the  alluvium  of  the  Elkhorn  Plain. 

16.  The  sharp  radiation  contact  coincides  with  a fault  separating 
Monterey  Shale  to  the  northeast  from  Santa  Margarita  conglomerate  and 

a sandstone  mapped  with  the  Bitterwater  Creek  Shale.  The  conglomerate 
and  the  Bitterwater  Creek  sandstone,  inseparable  in  the  IR  imagery  as 
well  as  in  the  aerial  photograph,  contrast  sharply  with  the  Monterey 
Shale,  which  is  dark  in  the  predawn  image  and  light  in  the  aerial  photo- 
graph. 

17.  The  broad  dark  band  occurs  in  an  area  underlain  by  Monterey 
Shale,  shale  and  sandstone  of  the  Temblor  or  Vaqueros  Formation,  and  a 
sandstone  unit  at  the  base  of  the  Santa  Margarita  Formation.  Within 
the  band,  shale  is  the  predominant  lithology. 

18 . This  is  a contact  between  Monterey  Shale  (dark  in  the  IR  image , 
light  in  the  aerial  photograph)  and  an  overlying  Santa  Margarita  Forma- 
tion (light  in  the  IR  image,  dark  in  the  aerial  photograph) . 

19.  This  is  a radiation  boundary  at  the  northwestern  limit  of  a 
conglomerate  facies  (light  in  the  IR  image)  of  the  Santa  Margarita 
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Formation  within  the  IR  image  area.  Farther  northwest  within  the  IR 
image  area,  the  Santa  Margarita  Formation  consists  predominantly  of 
friable  sandstone  (dark  in  the  IR  image)  with  rare  granitic  or  metamor- 
phic  boulders.  In  the  aerial  photograph,  the  conglomerate  facies  is 
darker  than  the  sandstone  facies. 


20.  This  sharp  radiation  boundary  coincides  with  the  crfest  of  the 
Temblor  Range.  Immediately  northeast  of  the  range  crest,  the  Santa 
Margarita  conglomerate,  the  Media  Shale,  and  the  Temblor  or  Vaqueros 
Formations  all  appear  bright.  Most  of  the  slope  for  approximately  a 
mile  and  a half  northeast  of  the  range  crest  in  the  IR  image  area  is 
underlain  by  grass-covered  Monterey  Shale  colluvium  that  appears  rela- 
tively bright. 


21.  The  dark  band  coincides  with  a prominent,  steep,  southwest- 
facing slope  nearly  devoid  of  vegetation.  The  slope  is  underlain  in 
part  by  diatomite  (mapped  by  Dibblee  (ref.  12-3)  as  Reef  Ridge  Formation 
(fig.  12-2))  and  in  part  by  Monterey  Shale. 


22.  This  is  a sharp  radiation  contact  between  Reef  Ridge  diatomite 
(dark  in  the  IR  image,  bright  in  the  aerial  photograph)  and  overlying 
Santa  Margarita  conglomerate  (bright  in  the  image,  dark  in  the  aerial 
photograph). 


23.  The  small  dark  spots  coincide  with  windows  in  a gravel  collu' 
vium,  through  which  Reef  Ridge  diatomite  is  exposed  in  the  Fellows  oil 
field. 


2U.  The  dark  band  coincides  with  a steep, barren,  southwest-fapihg 
slope  on  which  Reef  Ridge  diatomite  is  exposed.  The  Santa  Margarita 
conglomerate  southwest  of  the  diatomite  and  the  gravels  of  the  Tulare 
Formation  northeast  of  the  diatomite  appear  bright.  Near  the  northeast 
end  of  the  IR  image,  the  community  of  Fellows  stands  on  undeformed  young- 
er alluvial  deposits . 


The  intensity  of  predawn  IR  radiation  in  the  Temblor  Range  is  ap- 
parently related  in  part  to  slope  orieiatation.  In  the  preda^  IR  image- 
ry (fig.  12-3),  north-facing  slopes  tend  to  be  relatively  bright,  and 
south- facing  slopes  tend  to  be  dark.  The  largest  topographic  feature 
showing  this  tendency  is  the  crest  of  the  Temblor  Range.  Near  local- 
ity 20,  a well-defined  radiative  boundary  separates  similar  lithologic 


types  at  the  range  crest.  While  the  northeast  flank  of  the  range  is 
relatively  bright , the  southwest  flank  is  relatively  dark.  A few  other 
examples  of  this  tendency  , denoted  in  figures  12-3  to  12-5 , 


are  as  follows: 


a.  The  steep  north-northeast-facing  hill  'in  Monterey  Shale  is 
bright  in  the  predawn  IR  imagery  (fig . 12-3 ) * The  hill  is  strikingly 
warmed  by  the  early  morning  sun  (fig.  12-1)  . 
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"b.  The  hill  underlain  by  basal  sandstone  of  the  Santa  Margarita 
Formation  is  dark  on  the  south  side  and  bright  on  the  north  side  in  fig- 
ure 12-3 . 

c.  In  the  gullied  area,  just  southwest  of  the  range  crest,  the 
southeast-facing  slopes  are  dark. 

d.  Three  small  ridge  crests  are  on  the  northeast  flank  of  the 
range*  All  three  crests  are  dark  on  the  south  side  and  bright  on  the 
north  side  in  the  predawn  IR  image. 

e.  The  steep  northeast -facing  canyon  walls  within  the  dark  band 
at  locality  21  are  brighter  than  the  nearby  southwest-facing  slopes. 

All  of  these  walls  and  slopes  are  underlain  by  diatomaceous  Monterey 
Shale. 


GROUND  MEASUREMENTS 


In  an  attempt  to  find  systematic  relationships  between  ground  con- 
ditions and  tonal  densities  in  the  preda"^m  IR  image,  radiation  temper- 
ature, Specific  gravity,  and  moisture  data  were  collected late  in 
May  1967.  According  to  U.S.  Weather  Bureau  records,  no  rain  fell  in  the 
area  in  May  or  June  prior  to  the  IR  flight  on  June  I8,  I965.  Rainfall 
in  April  1965  was  approximately  2 inches,  both  east  of  the  area  at  Mar- 
icopa and  west  of  the  area  at  Cuyama.  In  April  1967,  I.85  inches  of 
rain  fell  at  Maricopa,  and  2.82  inches  fell  at  Cuyama.  During  May  I967, 
0.02  inch  of  rain  fell  at  both  Cuyama  and  Maricopa  approximately  2 weeks 
before  the  ground  data  were  collected.  In  spite  of  the  slightly  wetter 
weather  in  the  spring  of  I967,  the  ground  in  late  May  in  the  area  of 
figures  12-3  to  12-5  seemed  thoroughly  dry,  and  the  grass  cover  was 
brown. 

Radiation  temperatures  were  measured  with  a hand-held  Barnes  IT-3 
radiometer  over  a period  of  2 days  and  3 nights  from  May  22  to  25,  I967, 
at  two  different  sites  near  contacts  between  Bitterwater  Creek  Shale  and 
alluvium  (locality  13) . Infrared  radiation,  the  quantity  measured  by 
the  radiometer,  varies  as  emissivity  and  as  the  fourth  power  of  the  ab- 
solute temperature . 


h 

W = eaT 


where  W=  total  radiation  per  unit  area  (8y  to  13u  radiation  in 
this  case) 
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e = emissivity 

T = absolute  temperature  (°K) 
a = a constant 

The  emissivity  of  an  object  is  the  ratio  of  its  emittance  (radiant  ' 
energy  emitted  per  unit  area;  to  the  emittance  of  a perfect  radiator 
(blackbody)  at  the,  same  temperature.  Blackbodies  exist  in  theory  only; 
real  substances  have  emissivities  smaller  than  1.  The  radiometer  meas- 
ures emittance,  but  indicates  a temperature  scale  based  on  an  emissiv— 
ity  of  1.  Because  natural  materials  have  emissivities  smaller  than  1, 
radiation  temperatures  are  lower  than  true  temperatures . In  the  temper- 
ature range  in  which  this  study  was  made,  a change  of  0.05  in 
emissivity  for  high  emissivities  produces  a change  of  approximately 
4°  C in  apparent  temperature.  Greater  distortion  occurs  with  low 
emissivities.  i 

’ i 

Laboratory  radiometer  measurements  of  large  samples  of  surficial 
material  collected  from  Bitterwater  Creek  Shale,  Santa  Margarita  con- 
glomerate (cobbles  and  boulders  excluded),  Monterey  Shale,  Reef  Ridge 
diatomite,  Qnatal  Formation,  Morales  Formation,  and  alluvium  of  the  I 

Elkhorn  Plain  suggest  that  differences  in  radiant  emittance  are  not  ■ 

caused  by  emissivity  differences  related  to  the  compositions  of  the 
soils.  Radiation  temperatures  of  the  samples,  which  stood  for  several 
weeks  in  a normally  heated  room,  were  all  within  1®  C of  each  other, 
with  a systematic  variation  that  was  apparently  related  to  position  in 
the  room  rather  than  to  lithology.  The  apparent  temperatures  (near 
72^  F)  approximated  room  temperature  and  suggested  that  all  of  the 
samples  had  high  emissivities. 

Figure  12-6  displays  radiation-temperature  data  collected  on  typi- 
cal grass-covered  sandy  alluvium  and  on  barren  soil  developed  on  Bitter- 
water  Creek  Shale.  The  same  relationship,  with  Bitterwater  Creek  Shale 
appearing • colder  both  day  and  night,  was  later  repeated  at  a second  site. 
Radiation  from  alluvium  with  relatively  sparse  grass  cover  and  from. 
Bitterwater  Creek  Shale  with  sparse  grass  cover  was  intermediate  between 
the  extremes  of  barren  Bitterwater  Creek  Shale  and  typically  grassy  al- 
luvium both  day  and  night.  Single  boulders  in  the  alluvium  were  slight- 
ly more  radiant  in  the  predawn  hours  than  the  deposits  that  included 
them.  The  radiometer  measurements  show  that  the  radiation  patterns  re- 
corded in  the  IR  imagery  are  reproducible,  and  the  measurements  suggest 
that  physical  properties,  such  as  specific  gravity  and  moisture  content, 
that  may  have  affected  radiance  when  the  IR  images  were  made,  were  also 
effective  in  May  1967,  when  field  observations  were  made. 


Densities  and  moisture  contents  of  representative  surficial  mate- 
rials were  determined.  Approximately  1000  cubic  centimeters  of  soil 
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from  the  uppermost  2 inches  were  carefully  collected  and  immediately 
weighed.  Volume  was  determined  hy  filling  the  excavation  with  a meas- 
ured quantity  of  sand,  and  density  was  computed.  Moisture  content  was 
determined  by  comparing  the  sample  weight  after  several  days  of  drying 
at  110°  C with  the  sample  weight  at  the  time  of  collection.  Surficial 
materials  developed  on  sandy  alluvium,  sandstone  units,  and  Santa  Mar- 
garita conglomerate  (cobbles  and  boulders  exclucied  from  measurements) 
range  in  density  from  approximately  1.3  to  1.5  and  in  moisture  content 
from  1,6  to  2,8  percent.  Surface  materials  representing  shale  units 
range  in  density  from  approximately  1.0  to  1.1,  and  their  moisture  con- 
tents range  from  5.3  to  8.4  percent.  The  specific  gravity  of  diatomite 
surficial  debris  from  the  east  side  of] the  Temblor  Range  (locality  l8) 
is  approximately  0.9.  From  X-ray  data,  it  is  seen  that  much  of  the  shale 
and  mudstone  is  montmorillonitic ; the  high  moisture  contents  may  repre- 
sent water  driven  from  the  clay  mineral  structure  by  heating  rather  than 
high  accumulations  of  pore  water.  In  late  May,  soils  in  the  area  of 
figures  12-3  to  12-5  looked  and  felt  thoroughly  dry. 


SYNTHESIS 


Comparison  of  the  predawn  IR  image,  the  aerial  photograph,  and  the 
ground  data  suggest  that  intensity  of  predawn  radiance  may  be  related 
to  specific  gravity  of  soil,  vegetative  cover,  reflectivity,  slope  ori- 
entation, and  microclimatic  effects  as  summarized  in  the  following  table. 


Low  predawn  radiance 

; High  predawn  radiance 

Low  specific  gravity 
( approx imat  ely  1 . 0 ) 

High  specific  gravity 
(approximately  1.3) 

Little  or  no  grass  cover 

Relatively  thick  grass  cover 

Bright  appearance  in  aerial 
photograph  ( high  reflec- 
tivity) 

Dark  'appearance  in  aerial 
photograph  (low  reflec- 
tivity) 

Slope  facing  south 

Slope  facing  north 

Entrapment  of  cold  air 

Soils  developed  on  shale,  mudstone,  and  diatomite  have  low  specific 
gravities  (approximately  1.0 ) and  ordinarily  are  dark  in  the  predawn  IR 
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image  (localities  7,  6,  13,  l4,  15,  l6,  17,  l8,  21,  23,  and  24),  The 
same  soils  generally  supx^ort  little  or  no  grass  cover,  and  the  sunlight 
reflected  is  relatively  intense,  as  shown  by  the  aerial  photograph.  In 
contrast,  soils  developed  on  Santa  Margarita  conglomerate , m^st  sand^ 
stone  units,  and  sandy  alluvium  have  higher  specific  gravities  (approx- 
imately 1,3)  and  tend  to  be  bright  in  the  predawn  IR  image  (localities  8, 
l4,  15,  l6,  l8,  and  22),  These  soils  support  more  vegetation  than  the 
shales  and  reflect  less  sunlight,  as  shown  by  their  darkness  in  the 
aerial  photograph.  In  addition,  south-facing  slopes  tend  to  be  less 
radiant  in  the  predawn  IR  image  than  north-facing  slopes.  Hence i the 
intensity  of  predawn  rstdiance  from  any  surface  may  be  controlled  by 
several  factors.  Microclimatic  effects  related  to  nocturnal  density- 
stratification  of  air  apparently  produce  additional  local  radiative 
anomalies  that  are  discussed  later. 


I Specific  Gr^ity 

Specific  gravity  of  surficial  material  plays  an  important  role  in 
determining  the  thermal  inertia  of  the  material,  which  is  a measure  of 
the  resistance  of  the  surface  of  the  material  to  temperature  change. 


thermal  inertia  = KpC 


where  K = thermal  conductivity 
p = specific  gravity 


C = specific  heat 

Surface  materials  with  high  thermal  inertia  react  slowly  to  external 
temperat\n*e  changes  and,  other  factors  being  equal,  should  be  warmer 
in  the  predawn  hours  than  surficial  materials  with  low  thermal  inertia, 

1 " I ' 

' I 

Materials  with  high  thermal  conductivity  transmit  heat  relatively 
easily,  and  changes  in  surface  temperature  occur  relatively  slowly  in  re- 
sponse, to  a- change  in  external  temperature.  Air,  water,  and  solid  rock 
increase  in  thermal  conductivity  in  the  ratio  of  approximately  1:25:90, 
Hence,  dry  porous  material  has  relatively  low  thermal  conductivity,  and 
the  surface  temperature  changes  quickly  in  response  to  external  tempera- 
ture changes, Specific  heat,  a measure  of  heat  input  necessary  to  pro- 
duce a given  temperature  increase,  is  approximately  five  times  as  high 
for  water  as  for  air  or  mineral  grains.  Insofar  as  an  inverse  relation 
exists  between  specific  gravity  and  porosity  dn  the  surficial  materials 
of  the  IR  image  area,  thermal  conductivity,  thermal  ineftiaj  and,  hence, 
predawn  radiance  increase  with  specific  gravity. 
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In  addition  to  the  relationship  previously. noted  between  soil  of 
low  specific  gravit;y  and  low  predawn  radiance,  the  following  observations 
support  the  correlation  between  specific  gravity  and  predawn  radiance: 

1.  Outcrops  of  bare  bedrock  (localities  1,  4,  and  6)  with  specific 
gravities  much  higher  than  those  of  the  surrounding  soils  are  displayed 
in  the  IR  imagery  as  bands  of  high  predawn  radiance.  It  should  be  noted 
that  a similar  band  (locality  2)  apparently  coincides  only  with  a sharp 
break  in  slope. 

2.  As  indicated  by  radiometer  measurements  in  the  predawn  hours, 
single  boulders  were  slightly  more  radiant  than  the  unconsolidated  allu- 
vium that  surrounded  them. 

3.  Tumbleweed  piled  along  a fence  at  locality  11  forms  a surficial 
material  that,  because  of  its  extremely  low  specific  gravity  and  high 
porosity,  has  low  thermal  inertia  and  appears  dark  in  the  predawn  image. 

4.  Wallace  and  Moxham  (ref.  12-1 ) showed  that  unplowed  fields  in 
other  Carrizo  Plain  IR  images  were  brighter  in  the  predawn  hours  than 
plowed  fields.  Plowing,  by  increasing  the  porosity  and  lowering  the 
specific  gravity  of  soil,  lowers  thermal  inertia  of  the  soil. 


Grass  Cover  and  Reflectivity 

Radiometer  measurements  (fig.  12-6)  in  late  May  dhowed  that  Bitter- 
water  Creek  Shale  at  locality  13  was  less  radiant  than  the  adjacent  al- 
luvium during  both  day  arid  night  — - an  unlikely  situation  if  thermal 
inertia  were  the  sole  controlling  influence.  Perhaps  vegetative  cover 
and/or  reflectivity  influence  radiance  in  one  of  the  following  ways: 

1,  Figure  12-6  shows  radiometer  measurements  on  typipally  barren 
shale  and  on  typically  grassy  alluvium.  Radiant  ^temperatures  orr  slight- 
ly grassy  shale  and  on  alluvium  with  relatively  thin  grass  cover  were 
intermediate  between  the  extremes  shown  in  f igure i 12-6 . Gates 

(ref  . 12-4)  states  that  all  plant  surfaces  have  eihissivities  of  0.95  or 
greater,  and  most  leaf  emissivities  are  0.9T  to  0.98.  It  may  be  that 
the  grass-covered  surfaces  are  slightly  higher  in  emissivity  than  the 
barren  surfaces.  Under  the  existing  conditions,  an  increase  in  emissiv- 
ity of  0.05  would  produce  a radiant  temperature  increase  of  approximately 
4°  C,  a temperature  difference  consistent  with  the  radiometer  results . 

2.  Possibly,  the  Bitterwater  Creek  Shalfe,  bright  in  the  aerial 
photograph,  absorbs  less  heat  than  the  surrounding  alluvium  in  the  day- 
time because  of  its  relatively  intense  reflection  of  solar  radiation. 
Elsewhere  in  the  study  area,  south  slopes  underlaih  by  shale  tend  to  be 
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relatively  barren  and  to  reflect  solar  radiation  more  intensely  than 
adjacent  areas  underlain  by  sandstone,  conglomerate,  and  alluvium. 

The  barren  shales,  in  addition  to  absorbing  less  energy  from  incom- 
ing solar  radiation,  may  cool  more  rapidly  at  night  because  of  relatively 
lov  thermal  inertia.  Probably,  thermal  inertia,  vegetative  cover,  and 
reflectivity  interact  complexly  in  controlling  predawn  radiance  through- 
out the  IR  image  area. 


Slope  Orientation 

North  slopes  in  the  Temblor  Range  are  more  radiant  in  the  predawn 
IR  image  than  nearby  south  slopes  underlain  by  similar  lithologies.  In 
some  places,  vegetation  is  more  lush  on  north  slopes  than  on  south 
slopes,  but  the  relationship  is  not  consistent.  Untested  hypotheses  in- 
clude the  possibility  that  slightly  higher  moisture  content  in  soils  on 
north  slopes  may  have  caused  slightly  higher  thermal  inertia  or  that 
atmospheric  interference  such  as  high  clouds  to  the  north  at  the  time 
-of  the  flight  could  have  impeded  radiation  to  space  from  the  north 
slopes. 


Microclimatic  Effects 

In  addition  to  the  influences  of  specific  gravity,  vegetative  cover, 
and  slope  orientation  on  IR  image  tonal  densities,  microclimatic  effects 
related  to  local  topographic  features  apparently  influence  predawn  ground 
temperature  and  cause  radiative  anomalies.  Low  predawn  radiance  at  lo- 
calities 3 and  10  is  attributed  to  nocturnal  accumulation  of  cold  air  on 
poorly  drained  ground  surfaces,  a phenomenon  extensively  documented  by 
Geiger  (ref.  12-5).  The  diamond-shaped  dark  area  at  locality  3 in  fig- 
ure 12-3  is  a flat  surface,  or  possibly  even  a shallow,  closed  depres- 
sion, partially  enclosed  by  surrounding  hills.  The  surface  is  underlain 
by  old  alluvium,  which  is  sandy  and  closely  resembles  in  both  texture 
and  vegetative  cover  other  alluvial  deposits  that  appear  bright  in  fig- 
ure 12-3i.  The  suggested  interpretation  of  the  diamond- shaped  area  is 

that  it  represents  an  area  in  which  cold  air  accumulates  preferentially  | 

at  night , and  the  surface  beneath  the  colder  air  becomes  slightly  cooler 
rhan  nearDy  surfaces.  A similar  interpretation  is  sugg^bed  at  local- 
ity 10,  where  the  dark  region  !ih  the  IR  image  coincides  approximately 
with  the  lowest  part  of  the  valley  floor  in  the  image  area.  A smalX 
hill  projecting  through  the  colder  air  strata  is  slightly  warmer  and 
appears  brighter  in  figure  12-3.  ‘ 


Gullies  at  locality  12  appear  bright  In  the  predawn  IR  image,  and 
surface  temperatures  were  no  doubt  warmer  than  on  the  adjacent  inter- 
fluves. Although  the  gullies  are  local  topographic  lows,  the  gullies 
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may  le  veil  drained  relative  to  airflow  so  that  development  of  the  stag- 
nation, hy  which  a thick  cold-air  layer  acciimulates , cannot  occur. 

The  hypothesis  that  entrapment  of  cold  air  causes  radiative  anoma^ 
lies  was  documented  in  an  effort  to  test  the  suggestion  that  some  dark 
anomalies  in  predawn  IR  imagery  represent  high  soil  moisture  (refs.  12-1 
and  12-6).  Two  areas  cited  by  Wallace  and  Moxham  (ref.  12-1 ) as  places 
where  low  radiation  might  reflect  high  soil-moisture  content  were  selected 
for  study. 

Figure  12-T  is  a predawn  IR  image  of  a site  located  along  the 
San  Andreas  fault  east  of  Soda  Lake.  The  rectangular  pattern  is  a net- 
work of  subdivision  roads.  A recently  active  trace  of  the  San  Andreas 
fault  is  bounded  on  the  southwest  by  a scarp,  the  crest  of  which  is 
bright  in  the  IR  image.  The  ground  surface  to  the  northeast  slopes  to- 
ward the  scarp,  and  the  area  represented  by  the  dark  band  is  the  topo- 
graphically lowest  area  northeast  of  the  scarp.  Tumbleweed,  which  has 
accumulated  against  the  scarp,  is  imaged  as  a thin,  very  dark  band 
bounding  the  bright  scarp  on  the  northeast.  In  late  May  1967,  the  grass 
was  green,  and  the  soil  was  visibly  damp  in  places  at  the  foot  of  the 
scarp.  Moisture  measurements  in  late  October  I967  showed  3-percent  soil 
moisture  at  the  top  of  the  scarp  and  T-percent  soil  moisture  at  the  base. 
Radiometer  readings  in  late  October  showed  an  apparent  temperature  of 
8°  C on  the  scarp  crest  and  5°  0 at  the  base. 

Predawn  air  temperature  was  measured  at  1,  16,  and  31  inches  above 
the  ground  at  the  scarp  crest,  scarp  base,  and  in  between.  The  data,  ' 
summarized  in  table  I,  show  that  at  any  point  along  the  scarp,  strati- 
fication of  the  air  is  strongly  developed  and  that  the  air  becomes  ap- 
preciably colder  as  one  moves  down  the  scarp.  The  low  area  is  a trap 
for  cold  air,  which  lowers  the  local  ground  temperature.  The  high  ra- 
diant temperature  (5°  C)  at  the  base  of  the  scarp  may  indicate  that  the 
relatively  tall  grass  projected  through  the  coldest  air  layers  into  the 
overlying  warmer  air. 

Figure  • 12-8  is  a predawn  IR  image  of  a second  site  near  the  south- 
east end  of  the  Carr izo  Plain.  The  dark  roughly  triangular  area  in  the 
center  of  the  IR  image  is  a flat,  partly  closed  alluvial  surface  bounded 
on  the  northwest  and  southeast  by  low  gravel  hills  that  are  bright  in 
the  IR  image.  The  semicircular  bright  feature  overlapping  the  southwest 
flank  of  the  dark  triangular  area  is  an  alluvial  fan.  The  flat  bottom 
of  the  depression  and  the  surrounding  hills  appear  extremely  dry.  Much 
of  the  depression  floor  is  barren  of  grass,  and  there  are  no  visible 
signs  of  moisture.  Soil  moisture  measurements  show  2 percent  of  moisture 
at  the  crest  of  one  of  the  gravel  hills  and  percent  of  moisture  on ‘the 
flat  surface  below.  However,  the  flat  surface  is  floored  by  fine-grained 
clay-rich  sediment,  and  the  slightly  higher  moisture  content  can  probably 
be  accounted  for  as  water  driven  out  of  clay  minerals  by  heating. 


12-13 


Predawi  temperature  measurements  showed  well-developed  air  stratification 
with  air  temperatures  from  2°  to  C lower  at  ground  level  on  the  flat 
than  at  ground  level  on  the  low  gravel  hills.  The  low  flat  area  is 
poorly  drained  relative  to  air  flow  and  permits  the  accumulation  of  a 
layer  of  dense,  cold  air. 


TABLE  12-1 . - AIR  AND  GROUND  TEMPERATURES^  MEASURED  ALONG 
SAN  ANDREAS  FAULT  EAST  OF  SODA  LAKE, 

^:30  a.m.  OCTOBER  25,  I967 


Height  above 
ground , 
in. 

Top-of -scarp 
temperature, 
°C 

Middle-of-scarp 

temperature, 

°c 

Base-of- scarp 
temperature , 

i 

31 

9.5 

7.5 

1 

5.5 

16 

9 

7 

k 

1 

7 

6 

1 

Ground 

8 : 

— 

5 

Air  temperatures  are  measured  hy  thermometer;  ground  tem- 
peratures are  radiation  temperatures  measured  by  ^rnes  IT-3 
radiometer.  ■ 


Measurements  made  by  A,  0.  Waananen  and  C.  T,  Snyder  (unpublished 
data)  indicate  that  predawn  evaporation  of  water  in  arid  regions  is 
vanishingly  small,  and  the  measurements  cast  doubt  on  hypotheses  that 
radiative  anomalies,  such  as  the  anomaly  shown  in  figure  12-8,  re- 
flect high  soil  moistTjre  content . Evaporation  from  an  open  water  surface 
in  a U— foot-diameter  evaporating  pan  was  measured  continuously  for  sev- 
eral  days  in  late  July  19 63.  The  pan  was  set  on  a playa  surface  near 
Goaldale,  Nevada . Air  temperature  taken  at  5 feet  above  the  playa  sur- 
face ranged  fr^  approximately  lk°  Q ,at.  night  to  38°  C in  the  daytime. 
Relative  humidity,  also  measured  at  an  altitude  of  5 feet,  was  extremely 
low,  ranging  from  approximately  0 percent  in  the  daytime  to  25  percent 
at  night.  Total  daily  evaporation  averaged  approximately  0,4  inch,  but 
evaporation  from  the  open  pan  between  midnight  and  6 a.m.  totaled  less 
than  0.05  inch. 


In  view  of  the  very  low  predawn  evaporation  from  an  open  water 
surface  in  the  extremely  dry  atmosphere  of  the  Nevada  playa,  it  seems 
doubtful  that  the  radiative  anomaly  of  figure  12-8,  for  which  surface 
moisture  content  was,  at  most,  a few  percent,  v;as  a product  of  evapora- 
tive cooling.  In  addition,  the  effect  of  high  soil  moisture  on  thermal 
inertia  would  act  to  inhibit  nocturnal  cooling,  and,  in  the  absence  of 
significant  evaporative  cooling,  moist  soils  might  be  warmer  than  dry 
soils  in  the  predawn  hours.  It  seems  most  likely  that  the  radiative 
anomalies  of  figures  12-7  and  12-8  are  predominantly  responses  to  micro- 
climatic effects  created  by  preferential  accumulation  of  cold  air. 


CONCLUSIONS 


Tonal  densities  in  thermal  IR  imagery  may  reflect,  in  part,  the 
specific  gravities  of  surficial  materials.  Surficial  materials  with 
relatively  high  specific  gravities  tend  to  be  bright  in  the  predawn  IR 
image.  However,  effects  related  to  atmospheric  conditions,  topographic 
setting,  and  vegetation  may  also  produce  marked  anomalies  in  the  imagery 
Furti  irmore,  even  in  the  relatively  well-exposed  geology  of  the  Calient e 
and  Temblor  Ranges,  the  IR  imagery  was  largely  controlled  by  properties 
of  soil  — not  by  bedrock.  Lithologic  inferences  based  on  qualitative 
comparisons  of  radiation  from  soils,  with  tne  radiation  complexly  mod- 
ified by  topographic,  atmospheric,  and  vegetative  effects,  are  difficult 

The  predawn  IR  imagery  shows  many  geologic  features,  such  as  out- 
crop patterns  and  faults,  that  are  also  discernible  in  aerial  photo- 
graphs. Because  of  the  potential-oflR  imagery  to  display  microclimatic 
anomalies , it  might  be  a valuable  adjunct  to  other  types  of  imagery  in 
mapping  geologic  features , such  as  recently  active  faults  that  have  very 
subtle  topographic  expression. 

It  has  been  suggested  that  anomalously  weak  predawn  radiation  might 
indicate  soil  moisture  concentrations  related  to  shallow  groundwater 
in  low  areas  between  landslide  lobes  or  in  areas  where  faults  might  act 
as  barriers  to  groundwater  (refs.  12-1  and  12-6) . ^ Two  anomalies  of  this 
type  were  investigated  and  may  have  been  produced  largely,  if  not  en- 
tirely, by  density  stratification  of  air. 

Postsunrise  IR  imagery  shows  the  strong  influence  of  solar  warming 
of  surfaces  exposed  to  the  sun.  Topography  is  the  dominant  control  of 
tonal  densities  in  the  IR  image,  which  resembles  a low-sun-angle  photo- 
graph. 
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Figure  12-2.-  Generalized  geologic  map  of  study  area 
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Figure  12-7 •-  Predawn  IR  image  of  part  of  Carrizo  Plain 
east  of  Soda  Lake.  Recently  active  trace  of  San  Andreas 
fault  across  middle  of  image  area.  Observations  described 
in  the  text  were  made  within  the  circled  area. 
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Figure  12-8.-  Predawn  IR  image  near  the  southeast  end  of 
Carrizo  Plain.  Observations  described  in  the  text  were 
made  within  the  circled  area. 
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SECTION  12 

GEOLOGIC  EVALUATION  OF  THERMAL  INFRARED  IMAGERY, 
CALIENTE  AND  TEMBLOR  RANGES,  SOUTHERN  CALIFORNIA 

By  Edward  W,  Wolfe 
Sept.  1968 


Page  12-6,  line  7:  The  sentence  beginning  "All  three  crests  ..."  should 

be  changed  to  read  "All  three  ridges  ...” 

Page  12-6,  line  11:  The  sentence  should  read  "All  of  these  surfaces 

..."  instead  of  "All  of  these  walls  and  slopes  ..." 
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HADAR  AND  INFRARED  IN  GEOLOGICAL  STUDIES  OF 
NORTHERN  ARIZONA 
Ly  Gerald  G.  Schaber 

U.S.  Geological  Survey,  Flagstaff , Arizona 


INTRODUCTION 


During  the  past  3 years,  several  types  of  airborne  remote- sensing  • 
data  were  obtained  over  northern  Arizona  by  NASA  and  by  other  organi- 
zations under  contract  to  theLU*S*  Geological  Survey  (U.S.G.S.)  as 
part  of  the  NASA  Earth  Resources  Aircraft  Program.  The  data  include 
infrared  (IR)  and  ultraviolet  scanner  data,  IR  color,  conventional 
color,  and  black  and  white  aerial  film,  as  well  as  K-band  multipolari- 
zation side-looking  radar  data  (refs.  13-1  and  13-2). 

The  purpose  of  this  report  is  to  summarize  briefly  the  evaluation 
of  the  radar  and  IR  data  and  to  emphasize  only  those  features  of  the  im- 
agery which  are  considered  of  significant  scientific  interest  and  of  pos- 
sible application  to  future  aircraft  and  earth— orbiting  spacecraft  use. 

The  four  geologic  overflight  areas  to  be  discussed  include  (l)  the 
San  Francisco  Volcanic  Field  (test  site  101 ),  (2)  Meteor  Crater  (test 
site  28),  (3)  Hopi  Buttes  (test  site  7l)»  and  (ii)  Grand  Canyon  (no 
designated  site  number),  all  located  in  the  vicinity  of  Flagstaff, 
Arizona,  in  the  northern  part  of  the  state  (fig.  13-l). 

SAN  FRANCISCO  VOLCANIC  FIELD  (TEST  SITE  101) 

The  San  Francisco  Volcanic  Field,  named,  for  the  San  Francisco  Peak 
(the  largest  extinct  i volcano  in  the  group)  , covers  3000  rsquare  miles  rih 
north-central  Arizona.  The  center  of  the  field  lies  about ■ 50  miles 
south  of  the  Grand  Canyon  of  the  Colorado,  and  the  southern  boundary  is 
in  part  coterminous  witn  the  bounaary  of  the  San  Francisco  Plateau  which 
forms  the  southwestern  division  of  the  Colorado  Plateau  (figs.  13-1 
and  13-2 ) . 

This  region  was  selected  for  remote-sensing  investigation  because 
of  its  extensive  cinder-cone  morphology  aiid  its  abundant  and  varied 
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dacitic  to  iDasaltic  flows  (as  recent  as  900  years  ago)  representing  four 
major  periods  of.  q,etiyity  (ref.  13-3). 

The  San  Francisco  Volcanic  Field  covers  quite  a range  in  altitude 
(5500  to  12  700  feet)  and,  therefore,  represents  a wide  range  of  cli— ' 
matic  and  vegetative  types  which  are  useful  for  evaluation  of  remote- 
sensing data. 

A remarkable  similarity  of  the  San  Francisco  Field  cinder-cone 
moiphology  to  the  morphology  of  recognized  volcanic  complexes  on  the 
lunar  surface  has  also  stimulated  interest  in  the  area  (ref.  13-k) . 


Side-Looking  Radar  Data 

Radar  imagery  covering  a total  of  I685  square  miles  was  obtained 
over  test  site  101  on  November  5?  1965 » as  part  of  a special  contract 
flight  (103)  for  the  NASA-U.S.G.S.  Earth  Resources  Program  (fig.  13-2), 
A preliminary  discussion  of  the  multipolarization  radar  images  of  this 
site  has  been  presented  earlier  (ref.  13-2);  therefore,  only  pertinent 
conclusions  and  a brief  discussion  of  the  data  will  be  presented  here. 

It  was  found  that  the  most  useful  attributes  of  the  K-band  side- 
looking radar  data  of  the  volcanic  field  were  its  topographic  enhance- 
ment and  synoptic  coverage  capabilities  which  allowed  recognition  of 
even  very  subdued  ash-covered  basalt  flow  fronts  and  permitted  a useful 
investigation  of  large-scale  tectonic  features  such  as  cinder-cone 
alinement  and  faulting  in  the  volcanic  field  and  its  surrounding  sedi- 
mentary areas . 

The  S.P.  cinder-cone  and  basalt  flow  (fig.  13-3) , a rather  young 
feature  in  the  volcanic  field  (13OO  years  B.P.),  was  found  to  return 
distinctly  different  radar  signatures  with  regard  to  the  plane- 
polarized  (HH)  and  depolarized  (HV)  images  which  were  taken  simultane- 
ously. The  plane-polarized  response  from  the  flow  is  rather  intense, 
while  the  depolarized  like  image  is  notably  darker  than  even  the  older 
ash-covered  basalt  flows  which  underlie  and  surround  the  flow.  This 
unique  response  was  attributed  to  the  extreme  bio cky  nature  of  the  S.P. 
flow.  The  basalt  blocks,  averaging  1 to  2 feet  in  their  long  dimension, 
presented  numerous  dihedral  and  trihedral  reflection  surfaces  to  the 
side-looking  radar  signal  and,  in  return,  reflected  most  of  the  radi- 
ation back  to  the  receiver  in  the  same  polarization  mode  as  transmitted. 

The  S.P.  flow  is  almost  completely  devoid  of  vegetation  except  for 
some  light  grasses  growing  in  ash  which  has  blown  along  the  flow  perim- 
eter. 


Older  "basalt  flows  which  are  covered  by  various  depths  of  cinders 
and  ash  are  most  difficult  to  trace  back  to  parent  cinder  cones,  even 
from  conventional  aerial  photography  at  much  lower  altitudes.  However, 
the  enhancement  by  the  radar  system  of  minute  topographic  changes  and 
delineation  of  moisture  concentrated  in  washes  that  tend  to  outline  the 
flow  boundaries  seems  to  provide  a workable  method  for  mapping  flow 
units. 

Linear  and  arcuate  grabens  and  other  evidence  of  normal  faulting 
in  the  vicinity  of  the  S.P.  flow  (fig.  13-3)  are  easily  recognized  on 
the  radar  image.  These  features  are  enhanced  both  by  their  topographic 
relief  and  by  moisture  which  is  invariably  present  in  the  topographi- 
cally low  areas  created  by  tectonics. 

Moisture-rich  areas  are  revealed  as  darker  tones  on  the  radar  image 
resulting  from  the  extreme  attenuation  of  electromagnetic  radiation  by 
the  highly  dipolar  water  molecule.  The  washes  contain  slightly  more 
vegetation  than  the  normal  terrain  surfaces,  but  do,  however,  concen- 
trate more  silt-sized  material  which  retains  moisture  well. 


Foliation  in  the  northern  tWo-thirds  of  the  area  covered  by  fig- 
ure 13-3  is  extremely  sparse,  consisting  of  a few  scattered,  scrubby 
Juniper,  sage,  and  Upper  Sonoran  desert  grasses.  Vegetation  was  found 
to  cause  no  recognizable  signature  differences  in  the  low  areas  below 
6000  feet  in  this  region. 

Recognition  of  diverse  rock  types  from  all  three  strips  of  radar 
imagery  in  the  San  Francisco  Volcanic  Field  was  somewhati  disappointing. 

A slight  but  noticeable  tonal  difference  is  evident  between  the  Kaibab 
sandy  dolomite  and  asn-covered  basalt  flows  in  figure  13-3,  especially 
on  the  depolarized  image.  At  area  A in  figure  13-3,  a somewhat  isolated 
outlier  of  Kaibab  dolomite  capped  by  Moenkopi  sandstone  is  rather  dis- 
tinctly visible  on  the  depolarized  image  but  is  much  less  defined  on  the 
plane-polarized  like  image.  This  tonal  difference  is  greater  than  that 
between  similar  contacts  farther  from  the  flight  line  in  the  look  di- 
rection. This  has  been  attributed  (ref.  13-2)  to  a loss  in  signal 
strength  to  the  receiver  with  distance  from  the  fli^t  line. 


A triangular  array  of  flight  lines  over  an  area  with  a look  direc- 
tion toward  the  center  of  the  triangle  would  be  optimum  by  furnishing 
both  enhancement  of  linears  and  topographic  scarps  in  all  azimuthal  di- 
rections , as  well  as  to  furnish  maximum  and  more  uniform  signal-strength 
returns  from  areas  of  interest . 

Runs  *7  and  15  (figs.  13-4  and  13-5)  were  flown  over  the  hi^er 
country  (7000  to  1-  600  feet  ) near  * Ugstaff,  and  the  imagery  is  domi- 
nated by  a light  mottled  pattern  caused  by  the  reflection  of  the  radar 
signal  off  the  top  of  the  large  Ponderosa  pine  forest.  , A veiy  sharps 
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altitude-dependent  boundary  between  the  Ponderosa  and  Juniper  growth 
zones  (approximately  65OO  feet)  can  be  located  on  all  three  radar  strips. 

The  lobate  flows  emanating  from  Mount  Elden,  a rather  unique  dacite 
dome,  are  easily  distinguished  on  figure  13-4,  and  a previously  un- 
noticed southeast-northwest  set  of  lineaments  can  be  readily  seen  pass- 
ing through  Mount  Elden  and  the  adjacent  Dry; Lake  Hills  to  the  northwest. 

The  Woody  Mountain  fault  and  Rogers  Lake  (area  A on  fig.  13-4)  is 
a very  distinct  region  of  moisture  concentration,  as  indicated  by  the 
dark  tone.  Note  the  more  defined  moisture  boundaiy  within  Rogers  Lake 
on  the  depolarized  (HV)  image. 


An  area  underlain  by  Kaibab  sandy  dolomite  is  readily  distinguished 
on  the  extreme  western  side  of  figure  13-5  as  a lighter  tone  on  both 
the  plane-polarized  and  depolarized  images. 

The  Kana-a  basalt  flow,  related  chronologically  to  the  Stmset 
Crater  eruption  in  1064  A.D. , is  conspicuous  on  figure  13-6  as  a well- 
defined  dark  tone  on  the  depolarized  image  and  a less  well-defined, 
lighter  signature  on  the  plane-polarized  image.  Unlike  the  blocky  S.P. 
basalt  flow,  however,  the  Kana-a  flow  is  of  the  AA  type. 

Infrared  Scanner  Data  (8y  to  l4y) 

Three  flights  covering  a total  area  of  l62  square  miles  were  flown 
by  NASA  over  a portion  of  the  San  Francisco  Volcanic  Field  (fig.  13-2) 
during  mission  21  on  April  2 j 1966,  with  simultaneous  black  and  white 
aerial  photography  (T-11  camera).  The  mission  was  flown  during  the 
daylight  hours  (4:00  p.m. ) and,  therefore,  consists  of  combined  reflec- 
tion and  emission  data  with  a preferred  s\m-slope  heating  direction. 

It  was  found  that  the  black  cinders  and  ash  distributed  by  the 
wind  from  several  young  cinder  cones  in  the  region  can  be  readily  dis-  | | 

tingui shed  from  earlier  ash  on  the  scanner  data  as  very  light  (warm) 
tones  resulting  from  the  black-body  emission  characteristics  of  such  a 
dark  material  and  its  ability  to  retain  moisture. 

The  black  ash  Was  found  to  be  generally  less  vegetated  than  the 
surrounding  materials  (red  cinders  with  fine,  light-buff  ash) , de- 
pending on  its  depth  and  the  slope  on  which  it  was  deposited.  However, 
in  some  areas,  the  black  ash  tends  to  concentrate  the  sage  and  other  , 

bushy-type  plants  to  the  near  exclusion  of  the  lifter  Upper  Sonoran 
desert  grasses.  In  still  other  areas  of  the  San  Francisco  Volcanic 
Field  where  the  dark  ash  is  thin  and  limited  in  aerial  extent , it  tends  ^ 

to  support  abmdant  grasses  to  the  exclusion  of  the  larger  bushy  plants. 
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The  type  of  vegetation  cover  on  the  black  ash  is  apparent  on  the  aerial 
photographs  but  was  not  found  to  alter  the  light  tone  (warm)  signal  re- 
sponse on  the  IR  scanner  data. 

The  lowest  altitude  IR  scanner  flight  line  covering  a total  area 
of  23.28  square  miles  revealed  a series  of  remarkably  straight  and  well- 
defined  light  and  dark  bands  up  to  several  himdred  feet  in  length  on  top 
of  an  old  ash-covered  flow  (fig.  13-7).  The  aerial-photography  coverage 
of  the  bands  flown  simultaneously  with  the  IR  scanner  shows  some  of 
them  as  very  subtle  light  lines,  while  others  are  not  visible  at  all 
(fig.  13-8). 

Aerial  and  field  investigation  of  the  bands  revealed  an  almost  in- 
distinguishable subdued  ajid  intermittent  banding  of  black  ash  dunes 
covered  with  light  desert  grasses  separated  by  topographically  lower 
(3  to  5 inches  average;  12  inches  maximum)  areas  of  red  cinders  and 
light-buff  ash.  This  material  tends  to  concentrate  the  larger  sage  and 
bush-type  vegetation  in  at  least  some  parts  of  the  linear  bands. 

This  author,  puzzled  as  to  the  origin  of  the  features,  field  checked 
the  local  drainage  patterns , Moenkopi  sandstone  joint  directions  under 
the  flow,  and  possible  surface  flowline  directions.  None  of  these  ap- 
peared t.o  satisfactorily  answer  the  question  as  to  the  origin  of  bands. 
Upon  finding  abundant  prehistoric  Indian  pottery  shards  in  the  area  of 
the  linear  features  and  having  located  Indian!  campsite  ruins  associated 
with  each  linear  set,  a local  expert  on  Indian  archaeology  in  northern 
Arizona  (George  Gumerman,  Prescott  Gollege)  \^as  - called  in  to  aid  in  the 
investigation.  A fieldtrip  to  the  region  confirmed  our  suspicions  that 
the  linear  features  were  a 12th-century  Indian  agricultural  site  where 
the  black  ash  was  used  as  a mulch  over  crops  to  retain  moisture 
(ref,  13-5).  The  Hopi  Indians  of  northern  Arizona  continue  to  follow 
this-^practice  today. 

A search  was  made  for  the  prehistorical  agricultural  sites  on  high- 
altitude  (20  000  feet)  Army  Map  Service  aerial  photography  of  the  re- 
gion. They  were  found  to  be  clearly  visible  with  the  aid  of  a low-power 
hand  lens . 

The  results  of  this  totally  unexpected  investigation  of  the  Indian 
agricultural  site  has  aroused  much  interest  among  anthropologists  and  _ 
archaeologists  in  northern  Arizona  over  such  remote-sensing  techniques. 

Soil  samples  were  taken  for  nitrogen  and  potassi-um  depletion  an- 
alysis from  both  the  light  and  dark  agri cult xzral  bands , and  a system- 
atic collection  of  pottery  and  other  artifacts  were  taken  for  a detailed 
study  by  G.  G.  Schaber  and  G.  J.  Gumerman  (ref.  13-6). 


METEOR  CRATER,  ARIZONA  (TEST  SITE  28) 


Meteor  Crater  has  been,  in  recent  years,  the  focal  point  for  many 
scientific  investigations  dealing  with  impact  mechanics  (ref.  13-7), 
geophysics  (ref.  13-8),  and  remote  sensing  (refs.  13-1  and  13-9). 

The  obvious  similarity  of  the  Arizona  feature  with  otherr,  more 
eroded  terrestrial  phenomena,  as  well  as  with  those  on  the  lunar  and 
Martian  surface,  has  prompted  its  use  as  a geologic  test  site  for 
remote-sensing  investigations. 

Two  overlapping  strips  of  radar  imagery,  covering  a total  area  of 
460  square  miles  and  centered  on  Meteor  Crrxter,  were  obtained  during 
the  special  contract  flight  (l03)  on  November  5,  1965  (ref.  l3-l). 

Four  separate  combinations  of  transmit-and-receive  polarizations 
were  used  for  the  two  flights  over  the  Crater.  In  run  8 (fig.  13-9), 
the  upper  image  was  produced  from  the  horizontal  component  of  a hori- 
zontally transmitted  wave  (HH),  and  the  lower  cross-polarized  image 
was  produced  from^the  vertical  component  of  the  same  horizontally 
transmitted  wave  (HV).  In  run  lU  (ref.  13-1),  one  image  was  produced 
from  the  vertical  component  of  a vertically  transmitted  wave  ( W);  the 
other  image  resulted  from  the  horizontal  component  of  the  same  verti- 
cally transmitted  signal  (VH). 

The  depolarized  images  of  both  radar  strips  exhibit  less  tonal  con- 
trast than  the  plane-polarized  like  images.  However,  moisture  enhance- 
ment and  delineation  of  rock  types  was  found  to  be  superior  on  the 
cross— polarized,  images j and  for  this  reason,  they  contributed  considerably 
more  to  the  geologic  interpretation. 

At  the  scale  of  the  imagery  (approximately  1:190  000) , Meteor  Crater 
was  too  small  to  allow  any  detailed  geologic  interpretation  of  the  crater 
walls,  rim,  or  ejecta  blanket  materials.  Evaluation  of  the  crater  rim 
materials  with  the  surrounding  geology,  however,  was  attempted. 

The  most  striking  feature  of  both  radar  images  was  foimd  to  be  the 
excellent  detail  in  which  moisture-rich  areas  were  defined  (figs.  13-9 
and  13-10 ) , These  areas  were  found  to  relate  to  alluvium- filled  washes 
and  to  sandstone  bedrock  and  debris  from  the  Coconino,  Tor owe ap,  and 
Moenkopi  formations  (fig.  13-11) . Many  of  the  washes  so  well  defined 
on  the  radar  imagery  have  topographic  relief  measured  in  inches. 

Ground  detail,  emphasized  by  moisture  content,  was  found  to  de- 
crease appreciably  with  lateral  distsnce  from  the  aircraft  as  previously 
discussed  in  regard  to  the  test  site  101  radar  data. 


The  high  radar  hacks catter  seen  in  all  meanders  of  Canyon  Diahlo 
(fig.  13-9)9  regardless  of  the  flight  path  of  the  radar  aircraft,  is 
evidence  that  a hlocky,  well- jointed  rock  (Kaihah  sandy  dolomite)  is 
holding  up  the  canyon  walls  (ref.  13-10).  The  limestone  blocks,  like 
the  hlocky  basalt  of  the  S.P.  flow  mentioned  earlier  (fig.  13-*3)  , are 
acting  like  many  dihedral  and  trihedral  reflectors  to  return  a strong 
signal  to  the  receiving  antenna. 

Widely  spaced,  northwest-trending,  normal  faults  disrupt  the  nearly 
flat-lying  Permian  and  Triassic  strata  3 miles  east  and  7 miles  west  of 
the  crater  (fig,  13^9) • These  faults  are  seen  remarkably  well  on  the 
radar  imagery  (especially  on  the  cross-polarized  Images)  as  a result  of 
backscatter  from  the  aircraft-facing  scarp,  as  well  as  from  concentra- 
tion of  moisture  in  sandy  alluvium  along  the  scarp. 

The  area  outlined  on  figure  13-10  illustrates  the  best  correspond- 
ence of  the  radar  data  with  the  geologic  map  (fig.  13-11).  The  dark- 
gray  zone  running  parallel  to  Canyon  Diablo  at  area  A of  the  figure  can 
be  seen  to  relate  the  recent  alluvium  at  the  contact  of  the  Kaibab  sandy 
dolomite  (area  B)  with  the  massive  lower  sandstone  of  the  Moenkcpi  for- 
mation (area  C). 

Although  little  of  geologic  significance  could  be  abstracted  from 
the  crater  itself  on  the  radar  imagery,  several  features  of  interest 
could  be  seen.  (l)  A halo  of  light-gray  tone  can  be  seen  surrounding 
the  crater  (fig.  13-9)  and  probably  represents  the  present  limit  of 
fine  ejecta.  (2)  Many  small  spots  of  high  radar  backscatter  on  the 
outer  rim  slope  of  the  crater  are  known  to  be  caused  by  large  angular 
debris  (sandstone  and  dolomite  blocks)  thrown  out  of  the  crater.  These 
are  especially  noticeable  on  the  vertically  polarized  (VV)  image 
(ref.  13-1). 

The  negative  features  of  the  radar  data  are  the  usual  poo^r  reso- 
lution of  stratigraphic  units  and  the  innate  image  and  scale  distor- 
tions which  preclude  the  use  of  standard  photogrammetric  techniq_ues. 

GRAND  CANYON,  ARIZONA 


Side-looking  multipolarization  radari  imagery  was  obtained  over  • 

Grand  Canyon  during  the  same  NASA-U,S,G.S.  special  contract  mission 
that  covered  test  sites  101  (San  Francisco  Volcanic  Field) 9 29  (Meteor 
T1  (Hopi  Buttes)  in  ^northern  Arizona  on  November  19^5« 

The  plane-polarized  (HH)  and  depolarized  (HV)  like  images  (l:lTT  000  mean 
scale)  of  the  Grand  Canyon  are  of  excellent  OLuality  and  provide  a rather 
remarkable  synoptic  view  of  the  complex  fault  system  of  the  feature 
(fig.  13-12).  This  author  prepared  a lineament  map  overlay  from  the  data 


in  approximately  15  minutes,  and  the  map  was  then  compared  to  a re- 
cently published  geologic  map  of  the  eastern  section  of  the  Grand  Canyon 
(ref.  13-11)  (fig.  13-13).  The  percentage  of  inferred  faults  that  cor- 
responded exactly  with  the  mapped  displacements  found  to  be  quite 
encouraging.  The  radar  data,  however,  crevated  a preferred  orientation 
as  a result  of  the  side-looking  enhancement  of  topographic  scarps  in  the 
look  direction.  This  problem  could,  of  course,  be  eliminated  by  making 
several  passes  over  such  a feature  at  divergent  flight  paths. 

Stratigraphy  in  the  south  rim  of  the  Canyon  can  be  easily  seen 
(area  A in  fig.  13-12)  as  alternating  light  and  dark  tones.  This  phe- 
nomena is  created, by  the  radar  shadowing  effect  on  resistant  (ledge- 
forming) and  nonresistant  (slope-fomning)  beds  and  is  probably  not  due, 
for  the  most  part,  to  surface  texture  or  composition.  It  is,  however, 
a feature  of  side-looking  radar  data  that  can  be  utilized  for  geologic 
interpretations.  The  red  wall  limestone  (Mississippian  Age),  for  ex- 
ample , can  be  clearly  traced  throughout  the  entire  length  of  the  south 
side  of  the  Canyon  (area  B in  fig.  13-12)  as  a result  of  its  cliff- like 
ledges  which  contribute  to  the  radar  shadowing. 

Distinction  of  rock  types  and  location  of  rather  sharp  geologic 
contacts  is  very  difficult,  if  not  impossible,  and  is  certainly  a dis- 
appointing feature  of  the  imagery.  The  major  value,  then,  of  the  Grand 
Canyon  data  lies  in  its  synoptic  coverage  and  excellent  enhancement  of 
tectonic  features. 

Cultural  features  surrounding  Grand  Canyon  Village  are  fairly  well 
defined,  as  are  portions  of  the  south  rim  drive  road.  Drainage  details 
on  top  of  the  south  rim  are  also  well  portrayed  on  the  eastern  side  of 
the  Grand  Canyon  (area  C in  fig.  13-12). 


HOPI  BUTTES,  ARIZONA 


The  Hopi  Buttes , located  approximately  50  miles  east  of  the  San 
Francisco  Volcanic  Field  (test  site  101 ),  are  strikingly  different  from 
the  latter,  consisting  of  monchiquitic  basalt-capped  buttes , monchiquitic 
dikes , acid  tuffs , agglomerate , and  numerous  diatremes  of  a presumed  ex- 
plosive origin  ( fig.  13-1) . Sedimentary  sandstones , siltstones  * and 
claystones,  ranging  in  age  from  Triassic  to  Jurassic,  comprise  the  local 
bedrock,  and  these  are  overlain  by  a rather  complete  record  of  the 
Quaternary  Period.  Vegetation  in  this  area  consists  of  sparse  Juniper, 
sage,  and  Upper  Sonoran  desert  grasses . 

The  Hopi  Buttes  were  imaged  with  five  flight  lines  during  the  No- 
vember 5,  1966,  special  mission  (flight  103)  covering  a total  area  of 
3263  square  miles . 
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The  most  interesting  feature  of  the  data  was  found  to  be  the  de- 
lineation of  many  complex  Quaternary  soil  units  which  have  been  enhanced 
primarily  by  differential  moisture  retention  (and  vegetation  changes). 

A cursory  field  investigation  of  the  soil  units  has  been  completed,  and 
a more  comprehensive  study  is  planned. 

The  diatremes  are  seen  on  the  radar  data  as  highly  reflective  cir- 
cular ’’rings"  which  are  created  by  radar  backscatter  from  very  rough, 
dolomitized  travertine  beds  associated  with  most  of  the  collapsed, 
lopolith-shaped  structures  (area  A in  fig.  13-l4). 

As  was  the  case  with  the  San  Francisco  Field  data,  the  large-scale 
imagery  of  this  site  permitted  a quick  scan  of  possible  diatreme  or 
other  tectonic  alinement  features. 


CONCLUSIONS  AND  SUQGESTIONS 


Both  the  IR  and  radar  data  of  the  northern  Arizona  sites  were  found  ‘ 
to  contribute  at  least  something  of  unique  geologic  value.  The  radar  im- 
agery coatributed  mainly  because  of  its  synoptic  scale,  moisture  delinea- 
tion, and  topographic  enhancement  capabilities.  All  of  these  furnish 
data  useful  in  interpretation  of  tectonics  , surface  moisture,  and  over- 
lapping sequences  of  lava  flows.  Evaluation  of  the  IR  scanner  data  in 
this  study  provided  several  new  suggested  uses  for' the  system:  (l)  lo- 

cation of  prehistorical  Indian  agricultural  sites  and.  (2)  furnishing  a 
means  of  discriminating  between  recent,  dark  (unweathered)  volcanic  ash 
and  lighter,  older  (weathered)  ash-fall  deposits  as  a function  of  radi- 
ant temperature  and  possible  moisture  content. 

Both  the  radar  and  IR  scanner  imagery  provided  rather  disappoint- 
ing distinction  between  rock  types  in  |the,  study  area.  Part  of  this 
problem,  however,  lies  in  the  fact  that  the  relationships  between  sur- 
face conditions  and  atmospheric  attenuation  with  signal  response  are 
still  not  well  defined  or  understood  for  radar  IR  scanners , as  well  as 
the  other  sensors  currently  being  investigated.  Basic  spectral  research 
in  the  laboratory  and  under  simple  field  conditions  is  the  most  urgent 
direction  to  proceed  at  the  present  time. 

Although  the  gathering,  interpretjihg j and  field  checking  of  images 
from  these  devices  is  of  great  importance  and  should  be  continued,  the 
users  are  becoming  more  and  more  aware  of  the  complexities  which  arise 
from  diverse  surface,  textures , moisture  content , and  changing  atmos- 
pheric conditions.  As  long  as  such  parameters  as  these  are  misunder- 
stood, scientifically  useful  evaluations  of  image  data  will  be  almost 
impossible. 
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It  has  hecome  obvious  that  the  laboratory  spectral  research  and 
image  evaluation  programs  must  become  more  balanced  and  that  the  results 
from  each  study  more  easily  disseminated  to  the  users.  Hopefully  then, 
in  the  next  few  years,  these  programs  will  enjoy  a fruitful  union  that 
will  be  to  the  advantage  of  the  earth  resources  remote-sensing  tech- 
nology. 


1- 
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Flight  run  15;  east-west  flight  over  Flagstaff,  Arizona 
Original  scale  approximately  1:220  000. 


? 


b.  Depolarized  (HV)  image. 

Figure  13-5.-  Flight  103  rxin  7;  east-west  flight  north  of  the  San  Francisco  Peaks.  Scale 

approximately  1:179  750. 
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Enlarged  portion  of  figure  13-5a  (scale  1:12U  500 ) showing  Kana-a 
basalt  flow  (area  A)  emanating  from  900-ye8Lr-old  Sunset  Crater  (area 
Plane-polarized  (HH)  image. 
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Enlarged  portion  of  figure  13-5'b  (scale  1:12U  500)  showing  Kana-a 
basalt  flow  (area  A)  emanating  from  900-year-old  Sunset  Crater  (area  B) 
Depolarized  (HV)  image. 


Figure  13-6.-  Concluded. 
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a.  Enlarged  portion  (scale  1:10  800)  of  ilow- altitude  (under  3000  ft)  Recono- 
fax  IV  run  over  an  area  of  the  San  Fijancisco  Volcanic  Field  northeast  of 
Flagstaff,  Arizona.  Linear  banded  features  (area  A)  represent  a 12th- 

century  prehistoric  Indian  agricultural  site. 

i 

Figure  13-7. - Enlargement  of  figure  13-2. 


13-20 


Enlarged  portion  (scale  1:10  800)  of  low-altitude  (under  3000  ft)  Recono 
fajc  IV  run  covering  the  same  general  region  shown  in  figure  13-Ta. 

Linear  features  are  12th-century  agricultural  fields  (area  A);  remains 
of  the  Indian  living  site  were  found  at  area  B. 

Figure  13-7*”  Concluded. 


13-22 


a.  Area  A indicates  the  presence  of  the  prehistoric  Indian  agricul- 
tural plots . 


Figure  13-8.-  Aerial  photograph  (2500  ft)  taken  simultaneously 
with  IR  scan  image  shown  in  figure  13-7. 


M0  mj¥. 


b.  Area  A indicates  the  presence  of  prehistoric  Indiaji  agricultural 
plots;  area  B indicates  the  site  of  Indian  ruins. 


Figure  13-8.-  Concluded. 


Cross-polarized  (HV)  image  of  Meteor  Crater  and  vicinity,  Arizona 


Figure  13-9  •-  Radar  imeige  run  8 


gure  13-10.-  Radar  image  enlargement  (scale  1:55  000)  from  flight  103 
run  lU;  depolarized  (HV)  image  showing  moisture  enhancement  along 
stratigraphic  contact  west  of  Meteor  Crater,  Arizona.  Recent  alluvium 
along  contact  between  Kaibab  (area  A),  sandy  dolomite  (area  B),  and 
massive  lower  sandstone  of  the  Moenkopi  formation  (area  C). 


Figure  13-12.-  Side-looking  radar  image  of  Grand  Ceinyon,  Arizona;  plane-polarized  (HH)  image 
Original  scale  1:177  000.  Area  A indicates  area  of  distinct  stratigraphy  in  the  upner  por 
tions  of  the  south  rim;  area  B indicates  outcrops  of  the  red  wall  limestone  (Mississippian 
age);  area  C indicates  an  area  of  detailed  drainage  patterns. 


Grand  Canyon  Village 


a.  Comparison  of  mapped,  inferred  lineaments  with  actual  plotted  faults 


Comparison  of  mapped,  inferred  lineaments,  as  transferred  from  ref.  13-11 


Figure  13-13. - Radar  image  of  the  Grand  Canyon 
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PLUSES  AND  MINUSES  OF  RADAR  IN  GEOLOGICAL  EXPLORATION 

By  L.  F.  Dellwig 

Center  for  Research  in  Engineering  Science, 
University  of  Kansas 


INTRODUCTION 


Radar  as  a sensor  has  been  introduced  to  the  geological  community  — ■ 
perhaps  oversold.  We  have  reached  the  point  ■where  as  responsible  scien- 
tists we  must  present  an  honest  evaluation.  We  must  qualify  when 
qualification  is  necessary,  we  must  make  realistic  comparisons , and  we 
must  project  with  caption.  The  purpose  of  this  presentation  is  to  do 
just  that  — to  outline  the  unique  contribution  of  radar  in  geological 
investigations,  to  point  out  weaknesses,  and  suggest  needs  for  further 
investigation. 

In  general,  the  unique  contribution  of  radar,  regardless  of  environ- 
ment, purpose,  or  scope  of  the  study,  most  likely 'will  be  at  a maximum 
in  remote  and  poorly  mapped  areas  of  the  world,  where  a regional  rather 
than  a detailed  picture  is  desired,  and  where  climatic  conditions  are 
adverse  to  ground  and  aerial  photographic  investigation. 

Experience  has  indicated  that | iri  regional  geologic  studies  and  geo- 
logical reconnaissance  surveys,  radar  should  be  one  of  the  primary  sen- 
sors of  any  multisensor  combination.  In  such  investigations , 
side-scanning  systems  can  obtain  imagery  totally  independent  of  daylight 
conditions  or  most  weather  conditions.  From  radar  imagery  of  one  cur- 
rently operational  system,  a topographic  presentation  can  be  prepared 
when  it  is  not  feasible  or  possible  to  collect  aerial  photography  for 
mapping  purposes.  Because  of  the  broad  areal  coverage  of  side-^scan 
systems,  gross  structural  and  topographic  relationships  are  presented 
in  such  a fashion  that  individual  and  seemingly  independent  features 
can  be  integrated  into  a regional  format.  In  most 'terrain  environments , 
radar  is  the  best  sensor  for  detection,  integration,  and  analysis  of 
lineaments. 

The  value  of  radar  may”  decrease  but  is  not  lost,  in  small-scale 
studies.  In  detailed  studies , patterns  of  weatherihg,  soil  formation, 
topography,  vegetation,  and  fracture-texture  patterns  are  enhanced  and 
facilitate  separation  of  rock  types  • and  lineament  detection  maybe 
facilitated.  Polarization  and  wavelength  appear  to  be  of  greater  sig- 
nificance in  detailed  geologie  studies  than  in  regional  studies.  In 


studies  which  have  been  conducted  where  both  the  polarized  and  depolar- 
ized components  arc  available  for  analysis,  the  depolarized  component 
has  made  a significant  contribution  in  lithologic  differentiation. 


RADAR  IN  REGIONAL  STUDIES 


In  January  and  February  I96T,  the  AN/APQ-97  system  covered  Darien 
Province,  Panama,  an  area  of  approximately  65OO  square  miles  (fig.  l4-l) 
In  6 days  of  operation,  which  included  only  6 hoxirs  flying  time,  at 
least  four  passes  were  made  over  most  points.  From  this  imagery  was 
produced  the  first  "photo  mosaic"  (actually  a radar  mosaic)  of  the  area. 
In  the  previous  I5  years,  continuous  effort  had  resulted  in  coverage  of 
only  about  40  percent  of  this  province  by  aerial  photographs  because  of 
the  nearly  continuous  cloud  cover. 

This  coverage  also  provided  the  raw  data  from  which  a topographic 
map  has  been  produced.  It  cannot  be  overemphasized  that  in  the  absence 
of  aerial  photography,  particularly  in  an  area  :n  which  it  is  extremely 
difficult  to  obtain  ground  data,  such  a system  is  essential  for  the  con- 
struction of  a base  map,  as  well  as  for  the  presentation  of  geologic 
data ^ which  are  normally  provided  by  conventional  aerial  photography. 

One  of  the  greatest  values  of  radar  is  its  capability  to  display 
large  areas  in  a small  format,  which  permits  the  observer  to  integrate 
seemingly  isolated  features  into  a regional  picture.  In  this  image  from 
the  Boston  Mountains  and  Arkansas  River  Valley  (fig.  l4-2),  produced  by 
the  AN/APQ-69  system,  a strip  approximately  40  miles  wide  was  covered  on 
each  side  of  the  aircraft.  It  was  on  this  radar  imagery  that  a pro- 
nounced north-south  lineament  pattern  was  first  recognized  (ref,  l4-l). 
This  lineament  pattern  was  also  well  defined  on  AN/APQ-T3  and  AN/APQ-97 
(fig.  l4— 3)  imagery.  The  display  of  lineaments  on  radar  imagery  in  this 
environment  is  primarily  a function  of  large-scale  coverage  and  low- 
resolution  capability,  which  results  in  the  suppression  of  normally  dis- 
tracting cultural  and  topographic  details. 

To  the  north  of  the  Boston  Mountains,  on  the  south  flank  of  the 
Ozark  Dome  in  a similar  terrain,  a relatively  narrow  zone  of  long  line- 
aments trends  northwestward  (fig.  l4-4) , a zone  which  has  not  been  pre- 
viously recorded  in  the  literature  but  which  bn  radar  imagery  could  be 
traced  for  approximately  110  miles. 

This  zone  can  be  traced  northwestward  in  southern  Missouri  and 
southeastward  into  the  Mississippi  Embayment , in  the  latter  of  which 
Fisk  (ref.  14-2)  has  noted  the  existence  of  the  northwest-trending 
White  River  fault  zone.  That  this  fracture  zone  maintains  a consistent 
directional  trend  for  4-50  miles  across  two  distinct  geologic  provinces 
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(Ozark  Uplift  and  Mississippi  Embayment)  with  periods  of  development 
widely  separated  in  geologic  time  suggests  that  the  mechanism  responsible 
for  the  development  of  this  fracture  zone  was  of  a fundamental,  deep- 
seated,  and  recurring  nature.  The  revelation  of  such  extensive  regional 
shears  which  are  not  conducive  to  identification  through  more  conven-r 
tional  mapping  techniques  may  contribute  significantly  to  our  knowledge 
and  understanding  of  rhegmatic  shear  systems  and  orogenic  and  epeirogenic 
forces. 

A geomorphic  evaluation  of  radar  imagery  (fig.  l4-5)  of  a portion 
of  the  Wasatch  Range  east  of  Salt  Lake  City  (an  area  from  which  consid- 
erable data  have  previously  been  assembled)  revealed  a great  deal  of 
information  hitherto  not  presented  (ref.  l4-3).  Although  the  capture  of 
the  drainage  of  Upper  Provo  Canyon  and  of  the  Provo  River  (fig.  l4-6)  has 
been  known  since  1915  (ref.  l4-4),  changes  in  the  drainage  pattern  of 
the  headwaters  of  Mill  and  Big  Cottonwood  Creeks  had  not  been  reported. 
Radar  imagery  revealed  the  earlier,  well-developed  dendritic  drainage 
pattern,  the  upper  part  of  which  has  been  transected  by  the  present 
stream  divide  to  result  in  an  abnormal  appearance  of  the  drainage  pattern 
east  of  the  present  headwaters  of  Mill  and  Big  Cottonwood  Creeks.  How- 
ever, on  the  photo  mosaic,  ground  clutter  obscured  the  ancestral  drain- 
age. 


RADAR  IN  DETAILED  STUDIES 


At  the  Cane  Springs , Arizona,  test  site  (fig.  l4-7),  the  capability 
of  radar  in  the  detection  of  subtle  changes  of  lithology  is  well  demon- 
strated (ref.  5).  Although  this  Capability  is  not  fully  understood,  the 
potential  of  radar  in  this  environment  is  well  documented.  Areas  a and 
e contrast  with  each  other  and  with  the  more  extensive  alluvial  s'urface, 
apparently  because  of  differences  in  surface  roughness  and  dielectric 
properties.  Area  a consists  of  fine-grained  dune  sand;  area  e is  char- 
acterized by  sand  mixed  with  rock  fragments  with  an  upper  2-inch  zone 
that  is  porous  and  puffy  in  texture,  and  the  general  alluvial  surface 
consists  of  rock  fragments  of  varied  lithology.  Neither  unit  was  i ser- 
iated during  field  mapping.  Although  the  resolution  of  radar  may  be 
somewhat  less  than  that  of  the  aerial  camera,  the  sensing  of  different 
properties  permits  the  detection  by  radar  of  feat-ures  not  revealed  by  ' 
vertical  photography.  Another  feature  that  is  more  pronounced  on  the 
radar  imagery  than  on  the  photograph  is  the  fault  ( areas  d to  d’ ) which 
bisects  the  area.  The  enhancement  of  this  feature  on  imagery  is  believed 
to  be  partly  the  result  of  the  absence  of  signal  scattering  by.  the  dry, 
sparse  vegetation  (an  effect  apparent  also  in  areas  a and  e)  and  of  the 
consequent  domination  of  the  return  signal  by  terrain  characteristics . 
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Undoubtedly,  the  effect  of  poor  resolution  and  the  suppression  of  dis- 
tracting detail  also  contribute  to  the  clarity  of  the  presentation  of 
the  fault . 

A striking  example  of  the  value  of  radar  in  detailed  lineament 
studies  is  seen  along  the  South  Fork,  Cottonwood  River,  Chase  County, 
Kansas  (fig.  l4-8)  (ref.  l4-6).  The  long  linear  features  (areas  A to  A’ 
and  B to  B')  traverse  the  cross-polarized  return  of  this  area  of  farm- 
land and  pasture  land,  features  which  are  not  revealed  in  the  like  polar- 
ized return  or  in  aerial  photographs.  Cursory  field  checking  has 
revealed  drainage  deflections  along  portions  of  the  linear  features , and 
it  has  been  established  that  they  are  not  fence-line  controlled.  It  may 
be  significant  that  the  trend  of  areas  B to  B’  closely  approximates  the 
trend  of  a basement  fault. 


MULTIFREQUENCY  RADAR 


Casual  examination  of  mult if reguency  radar  during  the  course  of 
previous  investigations  has  suggested  that  simultaneous  imaging  of  a 
target  area  with  several  frequencies  of  radar  might  provide  a great  deal 
of  data  for  the  bioscientist.  Unfortunately,  there  is  only  a minimum  of 
multi frequency  radar  imagery  available  for  systematic  evaluation  for  geo- 
science content.  To  evaluate  long-wavelength  imagery,  it  becomes  neces- 
sary to  compare  long-wavelength  imagery  of  one  system  with 
short-wavelength  imagery  of  other  systems  recorded  at  different  times , 
so  that  system  and  target  parameters  show  a minimum  of  similarity.  In 
spite  of  the  drawbacks . of  comparison  of  imagery  from  different  systems , 
sufficient  data  can  be  obtained  from  a variety  of  K-,  C-,  and  P-band 
images  of  the  Pisgah  Crater  area  (fig.  l4-9)  to  ji^stify  additional  multi- 
band radar  imaging  over  this  or  other  geologic  test  sites.  Although 
sufficient  data  for  a thorough  evaluation  of  polarization,  resolution, 
aspect  angle,  and  so  forth.,  are  not  available , evaluation  of  existing 
imagery  has  demonstrated  strong  wavelength  dependency. 

Two  particularly  significant  observations  emerged  from  the  study. 

(l)  Windblown  silts  and  sands  overlying  the  northwestern  corner  of 
Pisgah  flow  were  penetrated  by  the  long-wavelength  radar  (P-band)  , the 
return  signal  being  essentially  from  the  partly  buried  lava.  (2)  The 
alluvial  fan  on  the  southwestern  side  of  La\'-ic  Lake , although  well 
defined  on  K-band  radar  imagery , was . not  delineated  on  the  P-band  image . 
The  surface  of  the  fan  was  composed  of  fragmental  material,  85  percent 
of  which  was  less  than  5 centimeters  in  diameter.  This  surface  appeared 
as  a dark  tone  (smooth)  to  P-band  radar,  as  did  the  adjacent  lake  sur- 
face. , . ■ ■ . 


Although  surface  roughness  appears  to  he  the  most  strongly  influ- 
encing parameter  on  radar  return,  under  some  conditions  at  least,  the 
penetrative  capability  of  long-wavelength  radar  has  been  a significant 
factor  in  determining  the  magnitude  of  the  return  signal.  The  real 
value  of  long-wavelength  radar,  judging  from  the  evaluation  of  only  a 
limited  ^lount  of  imagery,  is  not  its  penetrative  capability  or  any  other 
single  factor  per  se,  but  its  uniq^ue  total  response  to  terrain  charac- 
teristics , as  compared  to  a shorter  wavelength  radar  system.  Maximum 
value  will  be  derived  only  when  multiband  imagery  is  recorded. 


THE  MINUSES  OF  BJiDAR 


No  sensor  yet  developed  is  perfect.  Many  of  the  drawbacks  of  radar 
will  assuredly  be  reduced  in  magnitude,  and  some  will  be  eliminated. 

The  following  are  major  weaknesses  which  we  face  at  present: 

1.  Look-direction  dependency 

2.  Impracticality  of  mosaicking  slant-range  imagery 

3.  Radar  shadowing  in  areas  of  high  relief 

4.  Distortion  caused  by  slant-range  presentation 

5.  Displacement  of  elevated  features  caused  by  layover 

The  minuses  to  some  degree  point  to  avenues  for  research  by  engineers 
and  geoscientists.  In  addition  to  these  problems,  the  influences  of 
such  factors  as  polarization,  wavelength,  aspect  angle,  and  dielectric 
properties  need  careful  evaluation.  Some  progress  has  been  made,  but 
a quick  look  at  what  has  been  done  will  emphasize  the  need  for  careful 
consideration  and  evaluation  of  such  factors  in  order  to  present  a bal- 
anced evaluation  and  dispel  the  aurora  of  skepticism  which  in  part 
developed  as  a result  of  Overselling  the  system. 

Cursory  examination  of  the  Darien  mosaic  (fig.  l4-l)  reveals  a very 
effective  three-dimensional  presentation  of  an  area  about  which  little 
was  previously  known.  Careful  examination,  however,  presents  a somewhat 
different  picture.  Comparison  of  the  original  imagery  with  the  mosaic 
reveals  areas  Where  Omissions , repetitions , and  additions  or  deletions 
were  necessary  to  insure  matching  of  coastline  and  major  river  segments. 
Such  problems  develop  in  part  when  attempting  to  match  a near-range  seg- 
ment with  a far-range  segment  (slant-fange  display)  and  are  in  part  the 
result  of  improper  synchronization  of  film  and  air  speed.  Examination 
of  this  imagery  also  revealed  that  the  interpreted  drainage  direction 
often  varied  with  look  direction.  The  effect  of  look  direction  was  of 
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particular  interest  because  a detailed  evaluation  of  imagery  of  eight 
flights  over  the  Boston  Mountains  (ref.  l^-T)  led  to  the  conclusion  that 
for  this  particular  terrain  environment  and  the  gross  topographic  expres- 
sion of  the  lineaments  involved,  look  direction  affected  the  interpreta- 
tion, but  not  to  a degree  sufficiently  significant  to  justify  multiple 
passes  over  the  area.  It  is  apparent  that  we  have  only  scratched  the 
surface  with  regard  to  the  effect  of  look  direction  on  radar  return  sig- 
nal. The  Boston  Mountains  study  also  pointed  up  the  variations  in  drain- 
age pattern  configuration  (fig.  l4-10)  resulting  from  changes  in  look 
direction.  Quite  obviously,  generalizations  cannot  be  based  on  analysis 
of  a single  terrain  environment. 

Many  other  examples  could  be  cited,  but  elaboration  is  not  neces- 
sary. Both  suggest  the  same  thing  — there  is  a need  for  carefully 
planned  experiments  for  purposes  of  evaluation  of  radar  as  a sensor.  I 
am  certain  that  in  the  long  run  the  scientific  community  will  benefit  if 
a greater  percentage  of  the  effort  of  the  geoscientist  is  directed  toward 
evaluation  of  the  systems.  Certainly,  this  is  not  meant  to  imply  that 
the  solution  of  practical  problems  should  not  continue;  both  approaches 
are  needed. 

Supporting  data  for  the  material  presented  herein  are  included  in 
appendix  l^A.. 
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Fig\ire  lU-2.-  Radar  imagery  (AN/APQ-69)  in  the  vicinity 

'f  Ozark,  Arkansas. 


Figure  ik-k,-  Radar  lineament  zone  (areas  B to  C)  on  south  flank  of 
Ozark  Dome,  Arkansas.  The  lineament  zone  ties  a mapped  fault 
(areas  A to  B)  in  southwestern  Missouri  to  the  White  River  fault 
zone  (areas  C to  D),  as  mapped  by  Fisk  (ref.  lk-2)  and  represents 
a concept  of  a single  fracture  zone  approximately  U50  miles  in 
length . 
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Comparison  of  radar  imagery  and  aerial  photography 
Cane  Springs  Area,  Arizona. 


Figure  South  Fork  Cottonwood  River,  Plymouth  to  Matfield  Green,  Chase  County,  Kansas 


^ r «S 


TEST  SITE  2,  PISGAH  CRATER,  CALIFORNIA^ 
[investigator,  L.  F.  Dellwig;  Discipline,  Geology] 
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ferent systems  reveals  suffi- 
cient data  to  justify  additional 
multiband  imaging  over  this  and 
other  geologic  test  sites.  Some 
penetration  has  been  demon- 
strated, and  variation  of  return 
intensity  with  variation  in 
wavelength  has  been  documented. 
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TEST  SITE  2,  PISGAH  CRATER,  CALIFORNIA 
[Investigator,  L.  F.  Dellwig;  Discipline,  Geology] 


, ‘-^'Mission/ 
flight 

Date 

flown 

Data 

Date 

received 

Quality 

Results 

-/lOl 

-/102 

■ 

11/2/65  to 

11/4/65 

,AN/APQ-97 

K-hand 

SLAR 

12/15/65 

Excellent 

Geological  content  of  simulta- 
neously recorded  like-  and 
cross -polarized  imagery  far 
exceeds  the  content  of  a 
single  polarization  return. 
Separation  of  flows  is  look- 
direction  dependent. 
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SUMMARY  OF  OBJECTIVES  AT  SITE  2 


The  Pisgah  Crater-Lavic  Lake  area,  California,  is  in  a region  of 
volcanic  flows  and  associated  bolson-type  sediment  which  is  essentially 
free  of  vegetation.  The  landscape  has  been  considered  to  be  potentially 
analogous  to  portions  of  the  lunar  surface.  In  a small  area,  it  offered 
the  opportunity  to  make  preliminary  evaluation  of  like-  and  cross- 
polarized  imagery  of  lavas  of  a range  of  ages,  of  fine-grained  lake  sed- 
iments, of  isolated  patches  of  vegetation  on  the  lake,  and  of  a variety 
of  gravels  and  coarser  size  fragmental  materials  of  the  relatively  re- 
cent alluvium. 

The  extensive  radar  coverage  with  K-band  imagery  (AR/APQ-97  SLAR, 
T/28/66)  and  the  vast  amount  of  ground  data  available  provided  a basis 
for  comparison  of  imagery  of  wavelengths  other  than  K-band  when  it  sub- 
sequently became  available.  Although  comparisons  of  nonsimultaneously 
recorded  imageiy  are  not  without  drawbacks,  simultaneously  recorded 
long-  and  short-wavelength  imagery  is  not  known  to  be  available. 


SUMMARY  OF  SCIENTIFIC  ANALYSIS  PERFORMED  TO  DATE 


Of  special  interest  in  the  NRL  SLAR  imagery  is  the  contrast  in  the 
like-  and  cross-polarized  return  and  the  relationship  between  intensity 
and  look  direction.  In  addition  to  field  data  collected  by  other  agen- 
cies, field  investigations  were  conducted  in  areas  in  which  there  was 
strong  contrast  in  like-  and  cross-polarized  return  and  in  imagery  of 
diverse  wavelengths.:  In  simultaneously  produced  like-  and  cross- 

polarized  imagery,  information  was  obtained  which  was  previously  un- 
obtainable from  only  like-polarized  radar  imagery.  Comparison  of 
long-  and  short -wavelength  imagery  demonstrated  that  the  return  signal 
from  certain  cultural  and  natural  phenomena  is  strongly  wavelength 
dependent.  Although  surface  roughness  appears  to  be  the  most  strongly 
influencing  parameter,  the  penetrative  capability  of  long-wavelength 
imagery  has  been  a significant  factor  in  determining  the  magnitude  of 
the  return  signal. 


SUMMARY  OF  SCIENTIFIC  ANALYSIS  TO  BE  PERFORMED 
No  future  work  on  existing  imagery  is  anticipated. 
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PUBLICATIONS 


Moore,  R.  K. ; and  Dellwig,  L.  F.:  Terrain  Discrimination  by  Radar  linage 

Polarization  Comparison.  Proceedings  of  the  Institute  of  Electrical 
and  Electronics  Engineers,  vol.  54,  no.  9 9 1966,  pp_.  1213-1214. 

Dellwig,  L.  F.;  Bickford,  M.  E.;  Kirk,  J.  N. ; and  Walters,  R.  L. • Re- 
mote Sensor  Studies  of  the  Pisgah  Crater  Area,  California:  A Prelim- 

inary Report.  Kansas  University  CRES  Technical  Memorandum  6I-I8,  I965. 

Dellwig,  L.  F.;  and  Moore,  R.  K. : The  Geological  Value  of  Simultaneously 

Produced  Like-  and  Cross-Polarized  Radar  Imagery.  Journal  of  Geophys- 
ical Research,  vol.  Tl9  .no.  l4,  1966,,  pp»  3597-3601. 

Dellwig,  L.  F. : An  Evaluation  of  Multiband  Radar  Imagery  of  the  Pisgah 

Crater,  California,  Area.  Kanssts  University  CRES  Technical  Re- 
port'II8-6.  (in  preparation.) 


Published  Paper  in  Which  Reviews  of  the  Cane  Springs 
Research  are  Presented 

Dellwig,  L.  F. ; MacDonald,  H.  C.;  and  Kirk,  J.  N. : The  Potential  of 

Radar  in  Geological  Exploration.  Proceedings  Fifth  Symposium  on  Re- 
mote Sensing  of  Environment,  University  of  Michigan.  (in  press.) 


TEST  SITE  3,  MONO  CRATERS,  CALIFORNIA 
TEST  SITE  15,  TWIN  BUTTES,  ARIZONA 
TEST  SITE  2,  PISGAH  CRATER,  CALIFORNIA 
TEST  SITE  10,  SAN  FRANCISCO  VOLCANIC  FIELDS,  ARIZONA 
[Investigator,  E.  Glllerman;  Discipline,  Geology] 


. 

Mission/ 

flight 

Date 

flown 

Data 

Date 

received 

Quality 

Results 

-/lOO 

11/1/65 

AN/APQ-9T 

K-hand 

i 12/5/65 

Excellent 

Although  glass  content  of  bed- 
rock appears  to  he  of  signif- 

SLAR 

icance  in  depolarization  of 
the  transmitted  signal,  the 

-/lOl 

11/2/65 

AN/APQ-9T 

K-hand 

SLAR 

12/5/65 

Excellent 

effect  of  vegetation,  rough- 
ness , and  several  other  param- 
eters could  not  he  defined. 

-/102 

ll/U/65 

AN/APQ-9T 

K-hand 

SLAR 

12/6/65 

Excellent 

-/103 

11/5/65 

AN/APQ-97 

K-hand 

SLAR 

12/6/65 

Excellent 

-/IQil 

11/8/65 

AN/APQ-9T 

K-hand 

SIiAR 

12/10/65 

Excellent 

TEST  SITE  3,  MONO  CRATERS,  CALIFORNIA 
TEST  SITE  15,  TWIN  BUTTES,  ARIZONA 
TEST  SITE  2,  PISGAH  CRATER,  CALIFORNIA 
TEST  SITE  10,  SAN  FRANCISCO  VOLCANIC  FIELDS,  ARIZONA  - Concl-uded 
[Investigator,  E.  Gillerman;  Discipline,  Geology] 
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Date  . 
flown 
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• 

Date 

received 

Quality 

-789 

10/14/65 

AN/APQ-9T 

K-hand 

SLAR 

11/20/65 

Excellent 

~/9^ 

lo/xi/G'? 

■ ■ 

: 

AN/APQ-9T 

K-hand 

SLAR 

11/20/65 

Excellent 

SUMMARY  OF  OBJECTIVE  AT  TEST  SITES 


The  objective  at  the  test  sites  ^was  to  test  the  hypothesis  that 
the  glass  content  of*  volcanic  rocks  affected  the  degree  of  radar  return 
on  cross-polarized  radar  imagery  and  to  evaluate  other  parameters  -which 
might  account  for  the  differences  in  radar  return  on  simultaneously  pro- 
duced like-polarized  and  cross-polarized  AN/APQ-9T  K-band  radar  imagery. 


SUMMARY  OF  STUDIES  PERFORMED  TO  DATE 


To  investigate  the  hypothesis,  all  available  radar  imagery  was  ex- 
amined to  detect  differences  in  return  on  simultaneously  produced  like- 
and  cross-polarized  radar  imagery.  lotieeable  differences  were  detected 
on  imagery  of  the  Mono  Craters , Holloran  Summit ^ and  Pisgah  Crater,  Cal- 
ifornia, areas  and  in  the  Twin  Buttes  and  San  Francisco  Volcanic  Fields , 
Arizona,  volcanic  areas.  All  are  areas  of  volcanic  rocks,  some  of  which 
were  known  to  be  glassy.  Imagery  of  the  Obsidian  Cliffs  area,  Yellow- 
stone National  Park,  an  area  of  glassy  volcanic  rocks,  was  also  examined 
but  no  difference  in  return  was  detected. 

The  areas  were  then  examined  in  the  field,  and  field  examination 
showed  that  while  the  glass  content  might  be  a contributory  factor,  it 
is  not  the  determining  factor  that  accounted  for  the  lower  radar  return 
on  cross-polarized  imagerjr  than  on  like-polarized  imagery.  Roughness, 
topography,  vegetation  differences,  and  rock  composition  (regardless  of 
glass  content)  are  important.  The  combination  of  factors  governs  the 
degree  of  return,  the  relative  value  of  each  depending  upon ’its  rela- 
tionship to  the  total  environment. 

Microscopic  examination  of  the  rocks  in  an  attempt  to  investigate 
more  thoroughly  the  role  of  total  rock  composition  and  of  glass  content 
failed  to  give  any  more  conclusive  information. 


SUMMARY  OF  STUDIES  TO  BE  PERFORMED 


To  evaluate  properly  the  reasons  for  the  difference  in  return  on 
simultaneously  produced  like-  and  cross— polarized  radar  imagery,  much 
more  detailed  field  investigations  as  well  as  laboratory  and  microscopic 
work  need  to  be  made,  and  test  sites  with  better  ground  control  are 
needed.  In  addition,  radar  imagery  of  more  than  one  frequency  (and 
polarization)  should  be  examined,  as  well  as  imagery  from  other  remote 
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sensors.  At  present,  no  further  studies  are  being  planned,  nor  are  any 
contemplated  in  the  near  future.  However,  if  the  investigations  are 
pursued,  it  would  be  in  these  directions. 


PUBLISHED  PAPER  REPORTING-  ON  CROSS-POLARIZED  RADAR 

AND  VOLCANIC  ROCKS 


Gillerman,  Elliot:  Investigation  of  Cross-Polarized  Radar  on  Volcanic 

Rocks,  CRES  Technical  Report  6l-22,  196T. 


Mission/' 

flight 


; Date 

flown 


Data 


Date 

received 


Qu'ality 


-/83 


9/15/65 


Aft/APQ-97 

K-hand 


10/1/65 


Excellent 


SLAR 

-/127 

7/27/66 

AN/APQ-9T 

K-band 

SLAR 

8/22/66 

Excellent 

Results 

1.  Lineament  displays  which  had 

been  identified  on  previously 
obtained  SLAR  imagery  were 
evaluated,  and  it  was  estab- 
lished that  they  were  not 
radar-system  dependent  phe- 
nomena. 

2.  The  Tuskahoma  Syncline  area  in 

Oklahoma  was  geologically 
mapped  on  radar  imagery  in  an 
effort  to  determine  the  fea- 
sibility of  use  of  radar  im- 
agery as  a primary  mapping 
tool. 

Effect  of  look  direction  in  this 
terrain  environment  was  evalu- 
ated; and  it  was  determined  that 
although  geoscience  information 
content  was  influenced  by  look 
direction,  the  effect  was  not 
sufficiently  significant  to  jus- 
tify multiple  passes. 
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SUMMARY  OF  OBJECTIVES  AT  TEST  SITE  34 


The  initial  objective  at  test  site  34  was  to  evaluate  radar  as  a 
primary  geologic  mapping  tool  in  a structurally  complex  and  relatively 
heavily  vegetated  area.  Although  a great  deal  of  ground  data  are  avail- 
able, the  complexity  of  the  area  demands  additional  data  for  the  com- 
plete understanding  of  its  tectonic  development.  Geologic  analysis  of 
a relatively  simple  structural  area  would  enable  evaluation  of  radar  as 
a mapping  tool,  whereas  analysis  of  some  of  the  more  complex  areas 
would  determine  the  capability  of  radar  to  contribute  unique  geologic 
data  in  such  a terrain  environment. 

The  objectives  were  revised  for  the  second  flight  {AN/APQ-97 
flight  127)  over  the  area.  Identification  of  a north-south  lineament 
trend  in  the  Boston  Mountains  (Ouachitas)  posed  the  question  as  to 
whether  or  not  look  direction  was  significant  in  their  presentation. 

The  flight  was  requested  solely  for  the  purpose  of  evaluating  look 
direction  and  was  recognized  to  be  only  a first  step  in  any  overall 
evaluation  of  that  ps^rameter. 


SUMMARY  OF  SCIENTIFIC  ANALYSIS  PERFORMED  TO  DATE 


The  Tuskahoma  Syncline  area  was  mapped  on  radar  imagery,  and  the 
results  were  evaluated  in  the  light  of  published  information  and  field 
data.  The  radar  imagery  proved  to  be  an  effective  mapping  tool,  partic- 
ularly in  the  depiction  of  gross  patterns  and  in  uhe  revelation  of 
lineaments,  some  of  which  had  not  been  previously  detected  through 
mapping  by  more  conventional  methods.  The  lineaments  revealed  in  the 
Boston  Mountains  were  studied  in  the  field  in  consultation  with  UiS. 
Geological  Survey  geologists  who  had  recently  mapped  the  area.  The 
appearance  of  the  pattern  on  radar  was  established  as  a unique  data 
contribution  of  radar. 

Imagery  from  the  second  flight  was  evaluated,  and  it  was  detennined 
that  in  this  particular  terrain  environment  with  the  gross  topographic 
expression  of  the  lineaments  involved,  look  direetion  affected  the  dis- 
play of  lineaments  and  drainage  network,  but  not  to  a degree  sufficiently 
significant  to  justify  multiple  passes. 

Since  it  was  recognized  that  radar  displays  lineament  patterns  well 
and  permits  the  integration  of  seemingly  isolated  structures  into  re- 
gional patterns  , an  evaluation  of  tectonic  relationships  between  the 
Ouachita  and  Arbuckle  Mountains  was  undertaken  in  an  effort  to  uncover 
significant  data  relative  to  the  relationship  of  the  two  mountain  belts 
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to  each  other.  All  necessary  data  have  been  plotted  from  the  imagery, 
and  the  analysis  is  in  progress. 


SUMMARY  OF  SCIENTIFIC  ANALYSIS  TO  BE  PERFORMED 


Except  for  the  use  of  the  imagery  in  analysis  of  several  structur- 
ally complex  areas,  no  additional  -work  utilizing  this  imagery  is  antici 
pated. 


PUBLISHED  PAPERS  REPORTING  SPECIFICALLY  ON  RESEARCH  AND 
RESULTS  OF  OUACHITA  MOUNTAINS  INVESTIGATION 


Dellwig,  L.  F.;  Kirk,  J.  N. ; and  Walters,  R.  L.:  The  Potential  of 

Low  Resolution  Radar  Imagery  in  Regional  Geologic  Studies . 

Journal  of  Geophysical  Research,  vol.  Tl,  no.  20,  I966,  pp.  h993-k99Q. 
NASA  Contract  NSR  17-^004-003.”"^ 

Kirk,  J.  N. ; and  Walters,  R.  L:  Radar  imagery,  A New  Tool  for  the 
Geologist.  The  Compass  of  Sigma  Gamma  Epsilon,  vol.  i+3,  no.  2, 

1966,  pp.  85-93. 

Kirk,  J.  N. ; and  Walters,  R.  L. : Preliminary  Report  on  Radar 

Lineaments  in  the  Boston  Mountains  of  Arkansas.  The  Compass 
of  Sigma  Gamma  Epsilon,  vol.  ^5,  no.  2,  I968,  pp.  122-127. 

Kirk,  J.  N. ; Dellwig,  L.  F.;  and  Jefferis,  L. : The  Influence  of 

Radar  Look  Direction  on  the  Recording  of  Geologic  Lineaments  — 

A Study  in  the  Boston  Mountains , Arkansas.  CRES  Report  II8-T,  1968. 


TEST  SITE  83,  IROBTOII  (ST.  FRMCOIS  MOIMTAIES ),  MISSOURI 


[investigator,  E.  Glllernian;  Discipline,  Geology] 


Mission/ 

flight 

Date- 

flown 

Data 

Date 

received 

Quality 

Results 

-/128 

T/28/66 

AE/APQ-97 

K-band 

SLAR 

8/28/66 

Excellent 

Major  lineaments  and  other  fracture 
patterns  were  better  displayed 
and  extended  for  greater  dis- 
tances on  radar  than  on  aerial 
photographs . 
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SUMMARY  OF  OBJECTIVES 


The  study  of  AN/APQ-9T  SLAR  imagery  in  the  St.  Francois  Mountain 
area  of  Southeastern  Missouri  had  as  its  principal  objective  an  attempt 
to  ascertain  what  geologic  features,  obscure  or  difficult  to  recognize 
on  aerial  photographs  or  on  the  ground,  were  better  recorded  on  radar 
imagery  in  an  area  of  deciduous  forest  cover.  As  an  auxiliary  purpose, 
the  possible  importance  of  radar  in  mineral  exploration  was  of  interest. 
The  study  of  the  geology  of  the  area,  per  se,  was  incidental  to  the 
primary  goals . 


SUMMARY  OF  STUDIES  PERFORMED  TO  DATE 


Radar  imagery  of  the  area  was  examined  and  comparisons  were  made 
of  the  information  derived  from  it,  principally  the  structural  features 
and  of  the  information  shown  on  aerial  photographs  and  geologic  maps . 
Investigations  in  the  field  tested  some  of  the  information  hypothesized 
from  a study  of  the  radar  imagery. 


Results  indicated  that  large-scale  regional  structural  patterns 
that  can  be  readily  identified  on  radar  imagery  are  obscure  on  aerial 
photographs.  Linear  features , representing  faults  and  fractures , and 
circular  patterns  of  possible  significance  appear  on  radar  imageiy  in 
a manner  superior  to  their  portrayal  on  aerial  photographs . Many  of 
the  features  identified  on  the  radar  imagery  are  not  distinguishable 
on  the  aerial  photos  or  are  obscure  or  poorly  depicted.  This  superior- 
ity of  radar  over  aerial  photographs  in  the  recognition  of  large-scale 
features  is  believed  to  be  at  least  partly  the  result  of  the  accentua- 
tion by  radar  of  the  gross  features  of  the  terrain  and  the  consequent 
suppression  of  fine  detail.  This  is  coupled; with  the  ability  of  radar 
to  depict  a large  area  on  one  photographic  strip. 


The  value  of  radar  in  mineral  exploration  is  linked  to  this  ability 
to  portray  the  broad  regional  pattern  and  to  the  accentuation  of  struc- 
tural features  which  may  be  recognizable  only  with  difficulty,  if  at 
all,  by  more  conventional  reconnaissance  methods. 


As  a result  of  the  studies  j,  a previously  unknown  major  lineament  , 
traceable  for  more  than  25  miles  on  available  SLAR  imagery,  was  recog- 
nized; it  may  extend  for  more  than  125  miles  in  light  of  additidnal 
data  from  other  sources . Its  existence  may  be  of  significance  in  the 
distribution  of  the  mineral  deposits  of  the  area.  Other  heretofore  un- 
mapped  faults  and  fractures,  identified  on  radar  imagery,  also  appear 
to  be  associated  with  the  localization  of  mineral  deposits . 
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SUMMARY  OF  STUDIES  TO  BE  PERFORMED 


The  geologic  implications  of  a major  lineament  and  of  its  relation 
ships  to  the  distribution  of  mineral  deposits  will  be  pursued  by  addi- 
tional field  investigations  and  hopefully  by  the  study  and  comparison 
of  radar  imagery  of  other  wavelengths.  Further  studies  of  the  anoma- 
lous circular  features  will  also  be  made. 


PAPER  ON  RADAR  STUDIES  IN  THE  ST.  FRANCOIS  MOUNTAINS 


Gillerman,  Elliot;  Circular  Structural  Features  and  Major  Lineaments 
defined  by  SLAR,  St.  Francois  Mountains,  Missouri.  CRES  Report  (be- 
ing prepared) . 


TEST  SITE  85 i LAWRENCE,  KANSAS 

[investigator,  D.  S.  Simonett;  Discipline,  Geography  and  Geology] 


i 

Mi  si on/  | 
flight  ' 

Date 

flown 

Data 

Date 

received 

Quality 

Results 

-/83 

9/15/65 

1 

AN/APQ-97 

K-hand 

SLAR 

10/1/65 

Good 

Analysis  still  in  progress.  Results 
obtained  to  date  indicate  con- 
siderable amounts  of  new  geologic 
information  may  be  obtainable 
from  radar. 
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A SUMMARY  OF  OBJECTIVES  OF  STUDY 
IN  SOUTHERN  DOUGLAS  COUNTY 


The  purpose  of  this  study  is  to  evaluate  radar  imagery  as  a geo- 
logic reconnaissance  tool.  It  is  specifically  intended  to  determine 
the  effectiveness  of  radar  imagery  in  the  determination  of  structural 
elements  in  flat-lying,  gently  deformed  strata.  The  study  involves  the 
comparison  of  data  obtained  from  radar  imagery,  aerial  photographs,  and 
field  studies  of  the  area. 

It  has  been  demonstrated  in  preliminary  work  in  the  study  area 
that  a close  correlation  exists  between  fracture  patterns  and  aerial 
photography  lineaments.  Radar  imagery  from  the  same  area  also  shows 
many  of  the  lineaments  obtained  through  aerial  photography  interpreta- 
tion. However,  a number  of  additional  linear  features  were  observed  on 
the  radar  imagery.  The  problem  is  to  determine  the  relationship  between 
the  radar  lineaments  and  bedrock  structures  and  to  determine  why  the 
radar  imagery  apparently  provides  more  lineament  data  than  the  aerial 
photographs . 


SUMMARY  OF  ANALYSES  PERFORMED  TO  DATE 


In  analysis  and  interpretation  of  AN/APQ-97  SLAB  imagery  5 linea- 
ments have  been  identified  and  mapped  for  the  study  area.  Air  photog- 
raphy data  for  the  area  have  been  studied  to  determine  the  type  and 
amount  of  information  available.  These  data  have  been  plotted  on  base 
maps  to  allow  comparison  with  the  radar  data. 

A study  of  the  major  radar  lineaments  has  been  carried  out  in  the 
field.  Field  studies  have  been  performed  to  establish  that  the  linea- 
ments are  more  than  an  alinement  of  cultural  features . 

A study  of  the  regional  and  local  geology  of  the  area  has  been 
undertaken  to  determine  if  geologic  phenomenon  other  than  fractures  are 
coincident  with  the  radar  lineaments . 


lkA-19 


SUMMARY  OF  ANAJjYSIS  TO  BE  PERFORMED 


The  following  studies  are  planned  for  the  Douglas  County  site. 

1.  Study  of  the  regional  fracture  pattern.  This  study  wi3.1  he 
carried  out  hy  mapping  the  fractures  exposed  in  available  roadcuts  and 
outcrops.  These  data  will  be  compared  with  the  radar  data  to  determine 
if  any  correlations  exist. 

2,  Geophysical  survey.  If  deemed  feasible,  an  electrical  resis- 
tivity study  is  planned  across  a number  of  lineaments  to  determine  if 
subsurface  discontinuities  exist  where  lineaments  appear  on  the  radar. 

Interpretation  and  comparison  of  the  results  from  the  preceding 
outlined  studies  will  determine  the  applicability  of  radar  imagery  in 
geologic  studies.  Radar  and  air  photography  lineament  pattern  obser- 
vations will  be  plotted  and  analyzed  on  base  maps  and  rose  diagrams. 
These  patterns  Will  then  be  compared  and  correlated  with  fracture  pat- 
terns identified  during  field  studies.  Results  of  geophysical  studies 
may  be  a valuable  source  of  additional  information  since  they  may  indi- 
cate the  existence  or  absence  of  subsurface  fractures  in  areas  where 
lineaments  are  found.  The  field  study  of  lineaments  should  provide 
information  about  the  causes  of  line^ents  and  determine  whether  linea- 
ments are  a reflection  of  geologic  conditions  in  the  bedrock  or  a for- 
tuitous alinement  of  shadows.  The  study  of  the  regional  geology  in  the 
area  may  provide  significant  information  about  other  possible  causes  of 
lineaments  on  radar  imagery.  Geologic  structures  and  phenomena  such  as 
minor  folds,  contacts,  unconformities,  and  strand  lines  will  be  studied 
to  see  if  they  correspond  with  radar  lineaments. 


TEST  SITE  24,  SAN  ANDREAS  FAULT  ZONE,  CALIFORNIA 
[investigator,  L.  F.  Dellwig;  Discipline,  Geology] 
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SUMMARY  OF  OBJECTIVES  AT  CHOLAME-CARRIZO , CALIFORNIA  SITE 

The  San  Andreas  Fault  (Cholame-Carrizo ) investigation  is  designed 
to  determine  and  document  the  extent  to  which  SLAR  imagery  can  he  used  to 
map  fractures,  particularly  faults,  and  their  imagery  expressions  and 
reliability.  The  Cholame-Carrizo  area  serves  both  for  control  and  as  a 
test  site.  Regarding  the  former,  the  area  has  previously  been  mapped 
in  sufficient  detail  that  surface  geology,  including  most  major  faults, 
is  known;  hence,  corresponding  imagery  manifestations  can  be  readily 
identified  and  understood.  This  area  includes  the  bounds.ry  zone  between 
two  segments  of  the  San  Andreas  Fault  with  contrasting  modes  of  tectonic 
adjustment,  the  segment  to  the  south  by  sudden  violent  stress  release 
and  the  segment  to  the  north  by  perennial  creep,  Cholame-Carrizo  is  a 
test  site  in  the  special  sense  that  SLAR  imagery  here  could  ideally 
permit  mapping  of  significant  faults  previously  unknown  but  understand- 
ably related  to  an  active  tectonic  pattern  about  which  much  is  already 
reliably  known.  The  test  site  includes  a predominance  of  Plio- 
Pleistocene  outcrops,  likely  to  reflect  late  fractures  clearly,  second- 
ary to  San  Andreas  movement,  without  the  added  complication  of  earlier 
folding  and  faulting. 

The  manner  of  SLAR  fault  expression,  reliability,  and  relationship 
to  look  direction  is  under  study . Inasmuch  as  this  area  was  purposely 
imaged  at  right  angles  to  the  San  Andreas  Fault  zone,  it  is  possible  to 
determine  whether  faults  of  particular  bearings  (relative  to  the  San 
Andreas  trace)  show  to  advantage  on  SLAR  and  whether  those  of  any  other 
bearings  are  minimized.  : _ 

Study  of  thermal  infrared  scanner  imagery  (NASA/MSC  mission  8, 

June  3 9 1965)  permits  an  additional  check  on  expression  and  validity  of 
unknown  fractures.  SLAR  imagery  may  show  faults  to  better  advantage  than 
do  large-scale  aerial  photographs , an  additional  premise  for  investi- 
gation. 


SUMMARY  OF  SCIENTIFIC  ANALYSES  PERFORMED  TO  DATE 


AN/APQ-9T  SLAR  imagery  has  been  interpreted  qualitatively  for  hor- 
izontal polarization  and  vertical  polarization  content.  The  potentiality 
for  fractui’e  mapping  is  dramatically  illustrated  by  both  known  faults  and 
a family”  of  probable  faults  (a  shatter  zone)  newly  mapped  using  the 
SLAR  imagery.  Both  categories  of  fracture  lineaments'  have  been  related 
in  terms  of  genesis  and  strain  theory.  This  new  mapping  of  a probable 
shatter  zone  by  means  of  radar  imagery  , in  an  area  as  intensively  mapped 
and  studied  heretofore  as  the  subject  area,  dramatically  illustrates  the 
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potentiality  of  SLAR  imagery  for  the  mapping  of  faults  in  any  area,  even 
where  surface  expression  of  faulting  is  more  subtle.  Known  and  possible 
faults  poted  on  SLAR  imagery  in  the  Cholame-Carrizo  area  are  expressed 
clearly,  regardless  of  orientation  to  the  San  Andreas  lineation,  although 
those  parallel  to  or  at  right  angles  to  the  look  direction  show  up  most 
prominently.  Although  it  was  previously  known  that  suspected  fractures 
lineaments  show  well  on  certain  SLAR  imagery,  this  study  confirms  this  for 
known  faults  and  strengthens  the  hypothesis  in  terms  of  newly  mapped 
probable  faults  of  real  significance  not  previously  noted  even  through 
use  of  large-scale  aerial  photographs.  A comparison  of  the  SLAR  fracture 
mapping  to  fracture  mapping  possible  through  use  of  large-scale  areal 
photos  shows  qualitatively  that  SLAR  has  the  greater  utility  owing  to 
synoptic  view,  shaded  relief  effect,  and  suppression  of  smaller  details 
which  would  otherwise  obscure  the  continuity  of  surface  traces  of  faults. 


SUMMARY  OF  SCIENTIFIC  ANALYSES  TO  BE  PERFORMED 


The  San  Andreas  SLAR  imagery  clearly  shows  dipping  strata  in  suc- 
cessive hogback  ridges,  most  of  which  strike  nearly  parallel  to  the 
I'elated  San  Andreas  Fault;  thus  , look  directions  are  at  nearly  right 
angles  to  obsequent/resequent  slopes.  Depending  on  flight  direction, 
either  obsequent  or  resequent  slopes  show  up  as  potentially  traceable 
high<«-return  bands , an  advantage  over  large-scale  aerial  photos.  Further 
investigation  is  needed  to  determine  the  extent  to  which  individual 
stratigraphic  units  may  be  mappable  owing  to  this  SLAR  affect.  Also, 
dip  determinations  by  McCoy's  method  may  be  relatively  accurate  as 
slant-range  lengths  in  the  true  dip  direction  are  nearly  parallel  to 
look  direction. 

An  angular  thrust-fault  discontinuity  is  strikingly  apparent  on 
SLAR  imagery  in  the  southern  Diablo  Range.  The  potentialities  for 
mapping  this  type  of  geologic  contact  (including  angular  unconform- 
ities) using  SLAR  are  also  under  investigation. 

Certain  rock  types  (e. g. , serpentine)  show  distinctively  on  SLAR 
imagery  largeily  because  of  distinctive  topography,  but  perhaps  for  other 
reasons  as  well.  This  aspect  bears  further  attention. 


TEST  SITE  51,  CME  SPRINGS  SEDIMENTARY  SITE,  ARIZONA 
[investigator,  L.  F.  Dellwig;  Discipline,  Geology] 
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SUMM.ARY  OF  OBJECTIVES  AT  SITE  51  ^ 


The  Cane  Springs  area  was  selected  by  personnel  at  the  University 
of  Nevada  as  a fundament 8.1  sedimentary  rock  site  where  stratigraphic 
units  of  contrasting  lithology  are  exposed  with  sparse  vegetal  cover  in 
an  area  of  limited  areal  extent.  The  objective  of  the  scientists  at 
the  University  of  Nevada  is  to  complete  a multisensor  analysis  of  this 
test  site  utilizing  data  other  than  radar  gathered  by  the  NASA  aircraft. 
The  analysis  of  the  AN/APQ-97  radar  imagery  was  conducted  by  personnel 
at  the  Center  for  Research  in  Engineering  Science,  University  of  Kansas, 
in  an  attempt  to  define  the  capabilities  and  limitations  of  radar  in 
geologic  studies  where  the  terrain  is  relatively  devoid  of  vegetation 
and  to  compare  similarities  and  contrasts  between  panchromatic  aerial 
photography  and  radar  imagery  from  an  area  for  which  precise  surface 
geologic  data  are  available. 


SUMMARY  OF  SCIENTIFIC  ANALYSES  PERFORMED  TO  DATE 


Analysis  of  the  Westinghouse  AN/APQ-97  radar  imagery  has  provided 
lithologic  and  structural  information  that  was  not  as  apparent  on  the 
aerial  photography;  however,  the  converse  was  also  true.  Interpretations 
also  reveal  the  fundamental  advantage  of  dual-sensor  geologic  reconnais- 
sance in  which  several  discrete  parts  of  the  electromagnetic  spectrum 
are  utilized.  Comparison  of  images  of  the  same  area  recorded  by  two 
different  sensors  will  allow  the  extrapolation  of  some  geologic  infor- 
mation with  increased  confidence. 


SUMMARY  OF  SCIENTIFIC  ANALYSIS  TO  BE  PERFORMED 


Future  studies  at  the  sedimentary  test  site,  utilizing  additional 
multisensor  data,  will  be  conducted  by  personnel  at  the  University  of 
Nevada. 
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PuLlished  Paper  Reporting  Specifically  on  Research  and 
Results  of  the  Cane  Springs  Investigations 

MacDonald,  H.  C.;  Brennan,  P.  A.;  and  Dellwig,  L.  F. : Geologic  Evalu- 

ation hy  Radar  of  NASA  Sedimentary  Test  Site.  IEEE  Transactions  on 
Geoscience  Electronics,  vol.  GE-5,  no.  3,  196T,  pp.  J2-T8. 

Puhlished  Paper  in  which  Reviews  of  the 
Cane  Springs  Research  are  Presented 

Dellwig,  L.  F. ; MacDonald,  H.  C. ; and  Kirk,  J.  N. ; The  Potential  of 
Radar  in  Geological  Exploration.  Proceedings  Fifth  Symposium  on  Re- 
mote Sensing  of  Environment,  University  of  Michigan  (in  press) 

April  1968. 
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PROGRAM  STATEMENT 

FOR  REGIONAL  GEOLOGIC  STUDIES  IN  REMOTE  SENSING, 
YELLOWSTONE  NATIONAL  PARK 
By  Harry  W,  Smed.es 

U . S . Geological  Survey , Denver , Colorado 


OBJECTIVES 


The  Yellowstone  project  (test  site  11 ) was  initiated  in  1965  as  a 
cooperative  effort  of  the  U.S.  Geological  Survey,  the  National  Aero- 
nautics and  Space  Administration,  and  the  National  Park  Service.  The 
U.S.  Geological  Survey  has  dual  interests  in  the  project  and  so  plays 
a dual  role.  Along  with  the  National  Park  Service,  we  are  interested 
in  deciphering  the  complex  geologic  history  of  the  region.  Along  with 
NASA,  we  are  interested  in  the  project  area  for  hoth  development  and 
testing  of  remote  sensors. 

Broadly  stated,  the  objectives  of  the  project  as  as  follows: 

1.  For  the  geologic  studies  — -to  determine  the  geologic  history 
and  structural  relations  of  the  rocks  and  surficial  deposits  by  means 
of  reconnaissance  and  detailed  geologic  mapping  and  structural,  strati- 
graphic, petrographic,  geochemical,  and  geophysical  studies. 

2.  For  the  remote-sensing  studies  ■ — to  evaluate  the  wide  variety 
of  remote- sensing  data  in  terms  of  the  geologic  information.  The,  ulti- 
mate aim  is  to  detemiine  what , geologic,  data  can  be  obtained  in  this 
kind  of  environment  from  remote  sensors  and  to  recommend  types  of  remote 
sensing  that  will  provide  maximum  geGlogic  information.  In  addition, 
the  scientists  involved  will  become  trained  as  specialists  in  the  inter- 
pretation of  remote-sensing  data. 

The  first  objective  "“  ‘fchs  ss-'tb^sring  of  ground  truth is  essential 

to  the  fulfillment  of  the  second  objective,  which  is  interpretation. 

This  is  axiomatic. 


The  maps  produced  and  information  gathered  during  this  present  study 
would,  we  believe,  make  Yellowstone  Park  a suitable  site  for  the  testing 
and  evaluation  of  sensors  developed  years  hence* 


ORGANIZATION  AND  FUNDING 


The  ground  studies  are  of  three  fundamentally  different  types:  a 

detailed  study  of  the  physical  chemistry  and  geology  of  selected  ther- 
mal areas;  geophysical  investigations  including  aeromagnetic  and  gravity 
surveys;  and  regional  geologic  mapping  and  related  studies.  This  sum- 
mary concerns  only  the  last  mentioned,  the  regional  geologic  aspects 
of  the  program. 

At  the  outset,  the  Yellowstone  project  was  supported  entirely  hy 
NASA  funding,  hut  after  the  first  year  it  has  heen  supported  increas- 
ingly with  U.S.  Geological  Survey  funds,  so  that  to  date,  funding  for 
the  regional  geologic  studies  has  been  approximately  75  percent  by  NASA 
and  25  percent  by  the  U.S.  Geological  Survey. 

The  Yellowstone  program  of  regional  geologic  studies  consists  pri- 
marily of  five  topically  based  projects,  staffed  by  a total  of  nine  full- 
time geologists,  each  an  expert  in  one  or  more  special  fields.  This 
topical  approach  has  worked  quite  well,  inasmuch  as  the  major  geologic 
units  coincide  with  geographic  units. 

The  projects  are  as  follows: 

^1.  Fret ertiary  geology  of  the  northern  part  of  Yellowstone  Park. 
Mapping  is  completed,  and  reports  are  in  preparation. 

^2.  ^Pretertiary  geology  of  the  southern  part  of  Yellowstone  Park, 
is  completed;  a report  has  been  prepared  and  is  being  reviewed. 

3.  Lower  Tertiary  volcanics.  These  principally  make  up  the  east- 
ern third  of  Yellowstone  Park  and  the  northwest  corner . Mapping  is  to 
be  completed  this  season.  Two  quadrangle  maps  are  complete;  three 
other  maps  and  one  report  are  in  preparation. 

U.  Upper  Tertiary  and  Quaternary  volcanics,  in  the  central  and 
western  part  of  Yellowstone  Park,  and  a large  area  to  the  west.  Mapping 
is  to  be  continued  for  two  more  seasons.  . 

5*  Surf icial  geology,  glacial  geology,  and  geomorphology  of  the 
entire  Yellowstone  Park  and  some  of  the  surrounding  region.  Mapping  is 
to  be  completed  after  one  more  season.  Five  quadrangle  maps  are  ready 
to  submit  for  publication. 

We  are  on  or  ahead  of  schedule  for  all  regional  geologic  project 
objectives.  The  original  pro ject  proposal  called  for  a geologic  map  of 
Yellowstone  Park  at  a scale  of  1:125  000,  or  about  2 miles  to  the  inch. 
Without  changes  in  timing  and  cost,  or  sacrifiGe  of  project  objectives. 

We  will  be  able  to  complete  geologic  mapping  of  the  entire  Yellowstone 
Park  and  some  of  the  surrounding  areas  at  a scale  of  1:62  500,  or 
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about  1 mile  to  the  inch.  We  plan  to  publish  these  detailed  maps  in 
addition  to  the  1:125  000-scale  map  of  the  entire  Yellowstone  Park. 
Thus  far , more  detailed  coverage  and  the  ensuing  increase  in  geologic 
data  and  understanding  constitute  a substantial  bonus. 


MISSIONS  FLOWN 


To  date,  four  missions  have  been  flown  for  us  and  have  produced 
imagery  which  has  been  and  is  now  being  studied.  The  missions  and  sen- 
sors used  are  listed  in  table  15-1.  As  noted  at  the  bottom  of  that 
table,  there  is  an  earlier  University  of  Michigan  infrared  (IR)  survey. 
That  survey  was  flown  for  the  Cold  Regions  Research  and  Engineering 
Laboratory  (CRREL).  Plans  are  being  made  for  joint  studies  by  the  U.S. 
Geological  Survey  and  CRREL  to  compare  those  data  with  the  more  recent 
data,  looking  for  temporal  changes  in  the  thermal  patterns. 


GEOLOGIC  RESULTS 


Yellowstone  Park,  covering  more  than  3000  square  miles,  is  almost 
completely  mapped;  mapping  of  nearly  1000  square  miles  of  the  siirround- 
ing  area  is  completed.  The  only  previous  study  of  the  entire  area  was 
that  of  the  Hague  survey  conducted  in  the  late  l890's.  The  total  geo- 
logic picture  that  is  emerging  from  these  new  studies  is  vastly  more 
complicated  and  complete  than  previously  known  and  differs  in  many 
fundamental  respects . 

Significant  results  of  these  geologic  studies  have  been  reported 
promptly  through  oral  papers  presented  at  meetings  of  the  Geological 
Society  of  America  and.  subsequently  in  the  published  abstracts  of  those 
papers.  In  this  way,  results  of  wide  application  and  regional  signifi- 
cance are  made  available. 


REMOTE-SENSING  RESULTS 


Five  reports  on  interpretation  of  imagery  have  been  transmitted 
(refs..  15-1  to  15-5).  To  date,  four  of  these  reports  (refs.  15-1  to 
15-^)  have  been  issued,  and  the  fifth  (ref.  15-5)  is  scheduled  to  be 
released  soon,  probably  in  October.  Reference  15-6 » dealing  with  the 
1961  imagery,  is  included  to  complete  the  record  of  remote-sensing  data 
for  the  Yellowstone  region. 
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TABLE  15-1.-  SUMMARY  OF  MISSIONS  AND  SENSORS®' 


Date 

Mission  flown  by 

Sensors 

1965 

Westinghouse 

K-band  side-looking  radar,  plane  (HH)  and 
cross-polarized  (HV) 

1966 

H.  R.  B.  Singer 

3.5y  to  5»5y  IR  (Reconofax  IV)  Color  photo- 
graphs of  limited  area 

1966 

NASA 

8y  to  l4y  IR 
Ultraviolet  scanner 
Color  film 

Multiband,  film  (nine  lens  camera) 

(Spectrac  and  scatterometer  data  recorded 
but  never  received  by  Yellowstone  project) 

1967 

Willow  Run  Lab. 
(Univ.  of 
Michigan) 

Scanner  spectrometer ; 12  channels , 0 . 4y  to 
l.Oy  and  five  channels;  l.Op  to  l4y 
Ultraviolet  scanner 
Color-IR  film 
Color  fi].m 
Kodak  IR  film  _ 

Kodak  Plus-X  film 

There  is  also  I961  Univers:j.ty  of  Michigan  3. 5u  to  5.5y  IR  scanner 
imagery  which  has  not  yet  been  obtained  for  appraisal  by  the  Yellowstone 
project  personnel. 


A comprehensive  index  to  all  existing  imagery  is  about  to  be  trans- 
mitted , and  at  least  six  reports  are  anticipated  after  completion  of 
imagery  study  when  personnel  return  from  the  field  in  a few  weeks. 

The  radar  mosaic  of  Yellowstone  Park  was  completed  this  past  sum- 
mer. We  will  make  a complete  study  of  that  mosaic  this  fall  and  winter. 

Although  it  is  not  the  purpose  of  this  project  statement  to  recount 
all  the  results  detailed  in  the  five  reports  transmitted,  it  is  impor- 
tant to  mention  that  sever  ai  contain  interpretation  techniq^ues,  some  of 
which  can  be  and  others  of  whiGh  previously  have  been  utilized  elsewhere 
The  following  examples  are  presented. 


The  means  of  distinguishing  het-ween  bedrock  and  iinconsolidated  cover 
by  using  radar  images,  as  described  in  reference  15-2,  could  be  of  ines- 
timable value  to  geologists  working  in  the  muskeg  of  Maine  or  in  Alaska, 
where  they  spend  most  of  their  time  looking  for  outcrops  and  may  slog 
around  for  days  without  seeing  any! 

The  IR  detection  of  cold  springs  emerging  on  the  flopr  of  Yellow- 
stone Lake  made  it  possible  to  trace  a fault  beneath  the  lake  (ref.  15-5) 
Previously,  similar  IR  detection  of  cold  springs  emerging  on  the  Pacific 
Ocean  floor  off  the  Hawaiian  Coast  provided  important  data  that  resulted 
in  locating  urgently  needed  sources  of  fresh  water  inland. 

On  the  basis  of  the  texture  of  the  radar  image,  it  was  determined 
(ref.  15-1 ) that  nearly  all  principal  areas  of  rhyolite  lava  could  be 
distinguished  from  rhyolite  ash  flows.  Also,  the  degree  of  dissection 
by  streams  can  be  related  to  relative  ages  of  individual  flow  units . 

In  forested  regions  of  the  Park,  some  areas  of  thick  till  have  a 
general  tone  on  thermal  IR  images  that  is  slightly  darker  (cooler)  than 
nearby  forested  areas  where  till  does  not  mantle  the  bedrock.  This  is 
one  of  the  many  contributions  to  interpretation  of  IR  imagery  contained 
in  reference  15-^. 


Over  Pretertiary  terrane  in  the  southern  part  of  the  Park 
(ref.  15-3),  radar  and  IR  imagery  gave  a good  representation  of  the  phys- 
iography,' as  elsewhere,  but  did  not  provide  direct  clues  for  the  dis- 
tinction of  rock  types  and  struct'ure.,  which  could  be  interpreted  only 
to  the  extent  that  they  are  related  to  the  physiography. 

Most  bedrock  information  has  been  inferred  from  the  nature  and  dis- 
tribution of  soil,  moisture,  vegetative  cover,  and  topographic  expression 
because  generally  it  is  these  secondary  effects  which  are  sensed.  How- 
ever, bedrock  data  have  locally  been  inferred  more  directly  from  the 
sensor  data.  In  places,^  differences  in  thermal  properties  of  rocks 
directly  affected  the  nig|ittime  IR  imagery;  for  example,  limestone,  dolo^ 
mite,  and  rhyolite  tuff  showed  as  distinctly  warmer  than  andesite  and 
basalt  (ref.  15-5). 


CURRENT  WORK 


When  we  compare  a thermal  IR  image  or  a radar  image  with  an  aerial 
photograph,  we  are  in  effect  making  two-band  discriminations,  the  bands 
being  rather  broad.  We  have  j'ust  started  a study  aimed  at  comparing 
the  3]i  to  5y  and  8p  to  li^u  IR  imagery  and  aerial  photographs  of  selected 
materials  and  environments.  This  involves  making  three-band  discrimina- 
tions 


We  have  also  recently  begun  a study  of  the  nine-lens  multihand 
film  using  simultaneous  projection  and  registry  of  images  from  four  lan- 
tern slide  projectors,  similar  to  what  has  been  done  for  some  time  by 
Professor  Colwell  for  agricultural  materials.  This  gives  us  many  differ- 
ent combinations  of  four-band  discrimination  possibilities.  Our  pre- 
liminary work  has  already  shown  that  selective  use  of  filters  on  the 
projectors  can  result  in  substantial  enhancement  of  some  very  subtle 
geologic  contrasts  in  a bedded  sedimentary  sequence.  This  use  of  filters 
still  further  increases  the  number  of  combinations  of  four-band  discrim- 
ination possibilities. 

Our  latest  mission  utilized  a 12-channel  spectrometer  scanner.  This 
provides  a 12-band  discrimination.  This,  of  course,  is  far  too  much  for 
handling  by  simple  visual  comparison,  and  a computer,  using  tapes  from 
this  scanner,  can  do  a far  more  sophisticated  job  of  discrimination  and 
enhancement  than  the  other  techniques  employed  to  date.  The'  initial 
success  with  visual  interpretation  using  the  projectors  and  fo\ir  channels 
strengthened  our  hopes  for  success  using  computer -processed  data  from 
12  channels.  This  technique  has  tremendous  potential  for  many  geologic 
remote- sensing  requirements,  because  it  is  a system  that  can  scan,  record 
analyze,  and  automatically  print  selected  geologic  data.  For  this  reason 
I would  like  to  describe  our  test  of  these  scanner  data,  processed  by 
Willow  Run  Laboratories  of  the  University  of  Michigan. 

The  University  of  Michigan  analog  recognition  processor,  which  can 
operate  in  real  or  slowed  time,  is  a means  of  determining  the  correla- 
tions among  all  the  data  channels.  If  all  12  channels  are  used,  this 
multidimensional  correlation  function  is  represented  by  a 12-by-12  covar- 
iance matrix.  Once  the  image  of  the  target  outcrop  has  been  analyzed 
and  maximum-likelihood  determinations  made,  the  processor  can  be  pro- 
gramed to  detect  and  print  as  an  image  on  film  each  resolution  element 
scanned  that  has  a correlation  function  which  matches  that  of  the  tar- 
get. Ideally,  we  would  end  up  with  an  outcrop  map  of  that  rock  type,  or 
at  least  of  outcrop  with  little  vegetation  cover.  Repeating  the  proc- 
ess for  another  rock  would,  theoretically,  give  us  an  outcrop  map  of 
that  rock  type,  and  so  on,  until  we  have  built  up  a fairly  complete 
geologic  outcrop  map. 

On  our  test,  owing  to  some  electronic  problems,  only  nine  of  the 
12  channels  were  used.  We  selected  large  well-exposed  outcrops  of 
basalt  and  of  rhyolite  as  two  of  the  targets  — as  ground  control.  The^ 
processor  then  came  up  with  recognition  data  which  were  used  to  detect 
all  areas  of  similar  signature  on  the  tape  of  the  entire  traverse. 

The  results  indicate  that  we  have  a lot  of  work  ahead,  for  when  we 
used  basalt  as  a target,  the  final  print— out  ideally  an  outcrop  map 

of  basalt  ^ showed  more  false  than  valid  detections.  Materials  as 


diverse  as  the  folloving  locally  were  ’’recognized"  as  being  basalt: 
rhyolite,  granite  gneiss,  glacial  moraine,  and  outwash  composed  of 
various  metamorphic  stones,  lake^sllt-,— bogs , clay  soil,  and  sandy  soil. 

When  rhyolite  was  used  as  a control,  a similar  diversity  of  false 
recognitions  showed  up.  Wot  everywhere  did  the  gneiss,  outwash,  bogs, 
et  cetera,  mentioned  previously  give  the  same  results  as  in  the  basalt 
test,  though  in  places  the  same  spot  was  detected  as  being  both  rhyolite 
and  basalt.  In  places,  even  segments  of  blacktop  roads  were  detected 
as  rhyolite. 

In  the  first  example,  not  all  basalt  was  recognized  as  basalt,  and 
in  the  second  example,  not  all  rhyolite  was  detected  as  rhyolite.  This 
obviously  will  not  be  an  easy  test  to  interpret  or  an  easy  problem  to 
solve.  However,  because  of  the  potential  of  this  l^iyaique  in  recogni- 
tion and  detection  by  remote  sensing^5««w^sH3^1i!eve*  that  it  is  important 
that  we  attempt  to  solve  it. 

The  first  anomaly  studied  in  the  field  led  us  to  conclude  that 
moisture  was  the  factor  responsible  for  the  false  recognition,  The 
next  anomaly  showed  us  that  slope  was  the  factor.  Still  another  anomaly 
suggested  that  texture  was  the  factor.,  Each  time  we  thought^_^wji_.had*-*'-'‘' 
reached  the  solution,  and  each  time  the  next  an^mady''‘’^nowed  us  to  be 
wrong.  Obviously,  there  are  many  factors  and  combinations  of  these 
factors  effecting  the  false  recognitions  and  the  failure  to  make  valid 
recognitions  in  many  places  where  materials  similar  to  the  target  mate- 
rial are  present. 

One  of  our  first  tasks  is  to | determine  the  many  parameters  effecting 
these  false  recognitions.  We  have  already  determined  that. .the  reflec- 
tance spectra  of  the  natural  materials  overlap.  We  hope  that  by  using 
12  rather  than  nine  channels,  we  can  greatly  improve  the  discrimination 
ability  of  the  processor.  In,  this  test  the  entire  blue  and  blue-green 
spectrum  (below  0. 52p) ^ is- lacking.  However,  that  deficiency  alone  does 
not  account  for  the  problems.  For  example,  the  signature  of .rbyjsMtre's 
on  a north-facing  slope  was  found  to  be  different  from  that  of  ...so-uth‘=^ 
facing  slopes,  and  both  of  these  differ  from  rhyolite  on  level  surfaces. 
Add  to  that  the  effect  of  scattered  vegetation  and soil,  and  the  problems 
mount.  , - 


Our  preliminary  study  disclosed  oneL other  important  problem,  and 
that  is  one  of  format.  We  must  first  transform  the  scanner  imagery  to 
a topographic  base  in  order  to  be  able  to  locate  anomalies  precisely 
and  thereby  know  what  specific  material  and  environment  contributes  to  ^ 
the  anomaly. 

We  are  working  with  the  University  of  Michigan  engineers  on  inter- 
pretation of  this  recognition  test  and  one  involving  thermal  contouring.-'^ 


We  believe  that  continuation  of  contracts  with  them  for  further  proc- 
essing are  essential  and  that  an  additional  mission  with  their  spec- 
trometer scanner  may  be  desirable  in  the  near  future. 

Copies  of  the  magnetic  tapes  of  these  traverses  have  been  obtained 
from  Michigan  and  will  be  converted  to  digital  format  so  that  -oOme  dig- 
ital processing  may  be  done  utilizing  sophisticated  forms  of  decision 
theory.  The  results  of  this  digital  processing  will  provide  a means  of 
assessing  the  performance  of  the  analog  processor  — a test  of  interest 
to  both  the  U.S.  Geological  Survey  and  the  University  of  Michigan'.\ 

Most  of  the  interpretation  to  date  has  involved  the  study  of  imagery 
from  one  or  two  c3.asses  of  sensors  the  second  one  generally  being 
aerial  photographs  — and  comparison  of  these  data  with  the  geologic  map. 
Our  plans  now  call  for  integrating  the  data  from  several  different  sen- 
sors. This  will  involve  us  with  the  problem  of  incompatibility  of  dif- 
ferent formats.  We  believe  that  this  is  the  least  of  our  problems  and 
that  it  can  be  solved  satisfactorily. 
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GEOTHERMAL  INFRARED  ANOMALIES  OF  LOW  INTENSITY, 

YELLOWSTONE  NATIONAL  PARK 

•By  Donald  E.  White  and  Lee  D.  Miller 
U.S.  Geological  Survey,  Menlo  Park,  California, 
and  Department  of  Recreation  and  Watershed  Resources, 
Colorado  State  University,  Port  Collins,  Colorado 


INTRODUCTION 


Infrared  remote  sensing  of  hot  springs  and  other  high-temperature 
geothermal  phenomena  has  been  feasible  for  many  years;  its  usefulness 
in  searching  for  inconspicuous  anomalies  of  low  intensity  has  not  been 
demonstrated  in  the  past.  Future  search  for  sources  of  geothermal  energy 
must  aim  at  deep  reservoirs  of  hot  water  and  steam  at  temperatures  gen- 
erally above  200°  C.  Hot  springs  are  associated  with  some  of  these 
reservoirs , but  most  hot  springs  are  unreliable  evidence  for  commercial 
reservoirs.  The  most  significant  evidence  for  a concealed  geothermal 
reservoir  would  be  temperature  gradients  and  heat  flows  three  to  10  times 
higher  than  the -worldwide  averages.  "Normal”  gradients  average  about 
1°  C/50  meters  in  depth,  and  ’’normal”  conductive  heat  flow  averages 
2 

1.5  ycal/cm  sec.  Solar  energy  is  roughly  1000  times  this  value ; there- 
fore, the  ’’noise"  problem  is  severe. 


OLD  FAITHFUL  TEST ::  SITE 


Infrared  (IR)  anomalies  are  actually  differences  in  apparent  surface 
temperature,  which  shows  wide  daily,  seasonal,  and  microclimatic  differ- 
ences. Can  IR  anomalies  also  be  calibrated  in  terms  of  heat  flow,  which 
is  of  more  fundamental  geothermal  Interest  than  temperature  alone?  A 
small  area  around  Old  Faithful  was  being  used  last  year  to  test  a new 
rapid  method  for  mapping  differences  in  heat  flow,  utilizing  individual 
heavy  snowfalls  as  calorimeters.  These,  heat-flow  data  are  also  useful 
in  attempting  to  calibrate  IR- data  recently  acquired  and  computer 
processed  by  the  University  of  Michigan  Infrared  and  Optical  Sensor 
Laboratory  for  the  U,S.G.S.  Heat-flow  contours  of  1000  and  i^50  ycal/ 
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cm  sec  were  mapped  in  this  test  area. 


The  oral  presentation  included  the  following: 

1.  A vertical  color  photograph  of  the  test  area,  showing  locations 
of  Old  Faithful  and  other  thermal  anomalies  to  be  discussed  and  the  dif- 
ferent surface  materials  of  the  area 

2.  A heat-flow  map  of  the  test  area 

3.  Analog  thermal  IR,  Sp  to  l4p,  conventional  unprocessed  scanner 
imagery,  taken  at  2:00  a.m.  and  showing  the  anomalies;  of  these. 

Old  Faithful  being  the  only  visible  conspicuous  one 


h.  Analog  computer  processing  of  the  original  magnetic  tape  data, 
quantized  between  0°  and  20°  C into  eight  levels,  each  with  an  interval 
of  2-1/2°  C 

5.  Apparent  surface  temperatures,  contoured  by  intervals  of  5°  C; 
not  as  effective  in  black  and  white  as  some  other  types  of  processing 

6.  Separate  images,  each  of  a different  temperature  interval,  with 
0°  to  20°  C divided  into  l6  different  levels,  each  with  1-1/4°  C temper- 
ature span 

The  first  interval  (l6-l)  includes  all  temperatures  above  18-3/4°  C. 
Several  visually  inconspicuous  anomalies  are  more  pronounced  on  IR  than 
Old  Faithful,  but  other  anomalies  are  not  yet  evident.  Representative 
levels  or  slices,  with  decreasing  temperature,  first  show  the  appearance 
and  then  the  enlargement  of  other  anomalies.  Separate  images  of  temper- 
ature intervals  below  10°  C are  especially  useful.  Interval  l6-l4 
(2-1/2°  to  3-3/4°  C)  shows  anomalies  that  are  similar  in  shape  to  the 
1000-pcal  contour,  and  interval  16-15  ( 1-1/4°  to  2-1/2°  C)  is  most 
nearly  similar  to  the  450-pcal  contour.  The  eastern  anomalies  have 
apparent  surface  temperatures  3°  to  4°  C lower  than  equivalent  heat 
flows  in  the  western  part,  because  of  differences  either  in  real  temper- 
atures or  in  emissivities  of  ground  materials. 


BLACK  SAND  TEST  SITE 


Extensive  physical  studies  have  been  made  of  a geothermal  anomaly 
northwest  of  Old  Faithful.  Winter  mapping  of  snow  lines  and  snow  depths 
adjacent  to  this  warm  ground  provides  qualitative  differences  in  heat 
flow.  Temperature-depth  profiles  permit  calculation  of  heat  flow  by 
assuming  reasonable  thermal  conductivities . A map  of  the  radiation  tem- 
perature of  the  warm  area  was  made  on  the  ground  with  a radiometer  during 
one  of  the  series  of  IR  overflights . This  radiation  temperature  map 
approximates  a real  surface  temperature  map  for  the  surface  material  of 
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the  area  which  is  black  sand  with  emissivity  near  1 and  little  vegeta- 
tive cover.  Analog  computer  processing  of  the  thermal  IR  imagery  taken 
at  this  time  produced  multiple  images , each  representing  the  ground  area 
with  a different  preselected  l-l/i+°  C radiation  temperature  range.  Tem- 
perature separates  were  prepared  for  the  temperature  interval  of  -5°  to 
20°  C.  A system  was  developed  for  presenting  these  individual  tempera- 
ture separates  in  a single  reconstituted  color  image  by  color  coding  the 
separates  and  rephotographing  them.  This  color-coded  image  differs  from 
a continuous-tone , black  and  white  thermal  IR  image  in  that  the  boundaries 
between  the  colors  represent  isotherms  of  known  value.  The  isothermal 
map  obtained  in  this  fashion  correlated  closely  with  the  ground  radiome- 
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ter  map.  Heat  flows  between  5500  and  300  ycal/cm  sec  have  been  meas- 
ured in  this  test  area.  ^ 

The  oral  presentation  included  the  following: 

1.  A map  presenting  isolines  of  equal  snow  depth  around  the  test 

site 

2.  Winter  soil  temperature  profiles  for  various  positions  on  the 
test  site 

3.  A soil  heat-flow  map  of  the  test  area 

4.  An  isoline  map  of  radiation  temperatures  recorded  on  the  site 
with  a radiometer  during  the  mission  overflight 

5.  A color-coded  thermal  image  of  the  site 

Separate  images  representing  each  1-1/4°  C temperature  span  in  the  origi- 
nal 0°  to  20°  C,  interval  8-l4  image  obtained  at  2:00  a.m.  were  prepared. 
Each  of  these  separate  images  was  transformed  into  a colored  image.  A 
sandwich  was  made  by  registering  these  colored  separates.  A color  pho- 
tograph of  the  sandwich  is  a colored  thermal  image  on  which  each  color 
represents  a different  radiation  temperature  interval.  The  colors  are 
selected  so  that  the  ’’hotter”  colors  such  as  red  represent  the  warmer 
ground  areas  and  so  forth . . 

In  summary,  IR  easily  ’’sees’’  the  obvious  geothehmal  anomalies  and 
also  sees , by  means  of  computer  processing,  incphspicuous  anom.alies  not 
readily  visible  by  ground  inspection  at  intensity  levels  near  and  even  V 
below  the  average  ’’noise”  level.  Low-intensity  anomalies  can  be  cal- 
ibrated, at  least  roughly,  in  terms  of  heat  flo-W-  at  rates  that  range 

down  to  about  400  ycal/cm  sec  or  somewhat  less . Equal  radiation  ground 
temperatures  at  any  instant,  even  in  early  morning,  cannot  be  equated 
strictly  with  heat  flow.  We  are  still  considerably  above  our  hoped-for 


objective  of  detecting  heat  flows  only  three  to  10  times  ’’normal,"  but 
major  progress  has  been  made  in  calibrating  low-intensity  anomalies  and 
in  computer  processing  of  the  data.  The  limits  of  both  calibration  and 
processing  have  not  yet  been  fully  tested;  future  investigations  will 
explore  these  limits  further. 
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RADAR  AIJD  INFRARED  IMAGERY, 

OREGON  AND  WASHINGTON  COASTS 


By  Norman  S.  MacLeod  and  Parke  D.  Snavely,  Jr. 

INTRODUCTION 


Radar  and  infrared  imagery  are  Being  used  to  study  the  geolo^  of 
coastal  Oregon  and  Washington.  The  radar  imagery  includes  a 10-mile- 
wide  coastal  strip  extending  from  the  Columhia  River  almost  to ^ the 
California  border.  The  infrared  imagery  is  of  a 2-1/2-  to  3-mile 
strip  from  near  Cape  Flattery  on  the  northwestern  Washington  coast  to 
near  Seaside,  Oregon.  The  radar  and  infrared  imagery  were  obtained  by 
NASA  at  the  request  of  the  U.S.  Geological  Survey. 

Thick  sequences  of  interbedded  eugeosynclinal  volcanic  and  sedi- 
mentary rocks  of  Tertiary  age  underlie  the  Washington  coastal  area  and 
the  northern  three-fourths  of  the  Oregon  coastal  belt;  the  terrain  in 
the  southern  one-fourth  of  Oregon  is  composed  of  structurally  complex 
sedimentary,  igneous,  and  metamorphic  rocks  of  Mesozoic  age.  Although 
reconnaissance  geologic  mapping  has  been  largely  completed,  there  re- 
main many  areas  for  which  detailed  mapping  has  yet  to  be  undertaken. 

As  part  pf  the  Office  of  Marine  Geology  and  Hydrology’s  investigations 
of  the  continental  shelf  of  the  Pacific  Northwest,  the  authors  are 
currently  completing  detailed  mapping  of  several  quadrangles  in  the 
western  part  of  the  central  Oregon  coast  range  and,  in  conjunction,  /with 
topical  investigations , are  mapping  small  areas  throughout  western  Ore- 
gon and  Washington.  H.  Edward  Clifton,  Richard  J . Janda,  and^Robert’  G. 
Coleman  lof  the  U.S.  Geological  S\irvey  are  mapping  and  evaluating  radar 
imagery  in  parts  of  southwestern  Oregon. 

Because  of  high  rainfall  (50  to  over  100  inches  a year),  the 
coastal  area  of  Oregon  and  Washington  is  characterized  by  a dense  vege- 
tative cover  and  thick  soil  profile  which  obscures  the  bedrock.^^  R^^ 
and* ihfrared  imagery  of  this  area  were  requested  in  the  anticipation 
that  they  would  provide  useful  additional  tools  to  aid  in  the  field 
studies  . Conversely  , because  the  geblogy  of  much  of  this  area  has  been 
investigated , the  usefulness  of  radar  and  infrared  imagery  in  areas 
covered  by  dense  vegetation  and  thick  soil  zones  can  be  evaQA^ted. 


RESULTS  FROM  THE  USE  OF  RADAR  DATA  FROM  NASA  AIRCRAFT 


The  radar  imagery  was  obtained  with  high-frequency  side-looking 
radar  that  was  operated  in  a polarizing  mode.  Images  were  acquired 
during  two  flights,  one  from  south  to  north  and  the  other  north  to 
south.  For  each  flight,  two  simultaneous  images  were  obtained:  one 

image  was  horizontally  polarized  both  in  transmission  and  reception; 
the  other  image  was  horizontally  polarized  in  transmission  and  verti- 
cally polarized  on  reception.  The  horizontally  polarized  image  shows 
more  tonal  contrast.  A storm  at  the  time  of  the  southward  flight 
rendered  much  of  the  imagery  useless.  However,  the  vertically  polar- 
ized image  shows  penetration  through  thin  clouds  in  a few  areas  where 
ground  definition  was  obscured  on  the  horizontally  polarized  image  on 
the  southward  flight.  The  distorted  scale  on  the  radar  imagery  does 
not  seriously  hamper  imagery  interpretation  except  in  the  narrow  belt 
below  the  flight  line.  The  radar  imagery  covers  an  area  of  approxi- 
mately 3000  square  miles,  and  a complete  geologic  analysis  cannot  be 
made  in  a short  time  period. 

The  radar  imagery  depicts  on  a single  continuous  strip  the  land 
form  of  a large  area.  Sven  small  details  of  the  topography  can  be  dis- 
cerned in  areas  of  dense  vegetation.  The  upper  part  of  figure  17A-1 
shows  radar  imagery  of  a 10-mile-wide  area  near  Cape  Perpetua  on  the 
central  Oregon  coast;  the  lower  part  shows  a conventional  aerial  photo- 
graph of  the  same  area  (at  a slightly  larger  scale  than  the  radar 
image ) . The  radar  image  shows  more  detail  than  the  black  and  white 
aerial  photograph;  radar  imagery  is  also  superior  to  color  aerial  photo- 
graphs and  to  actual  sight  observations  from  planes  at  various  altitudes 
This  superiority  greatly  facilitates  recognition  of  the  topographic 
expression  of  lithologic  and  structural  features.  Areas  underlain  by 
contrasting  rock  types  can  in  many  places  be  delineated  on  the  radar 
imagery  because  of  differing  topographic  expression.  Alined  drainages 
and/or  ridges  are  in  places  manifestations  of  faults  or  joints  in  the 
bedrock.  These  topographic  lineations  are  more  apparent  on  the  radar 
imagery  than  on  conventional  aerial  photographs.  Tonal  differences  on 
the  conventional  photographs  are  largely  produced  by  variations  in  the 
properties  of  the  vegetative  cover  and  tend  to  degrade  topographic 
expression. 

A radar  image  of  a 10-mile-wide  area  near  Lincoln  City  on  the  cen- 
tral Oregon  coast  is  shown  in  figure  northeast -trending 

lineation  is  the  topographic  expression  of  a large  fault.  By field 
mapping,  this  fault  has  been  demonstrated  to  extend  at  least  10  miles 
inland;  groimd  magnetic  studies  completed  in  the  summer  of  I968  indi- 
cate that  it  continues  at  least  as  far  west  as  the  coastline  through  an 
area  of  poor  exposures  and  alluvial  cover.  Subbottbm  acoustical  pro- 
filing and  aeromagnetic  surveys  along  the  offshore  extension  of  this 
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fault  were  recently  completed  but  have  not  yet  been  processed.  Other 
similar  li neat ions  on  the  imagery  have  been  shown  to  be  fault  controlled. 

The  large  arcuate  physiographic  feature  shown  in  figure  lTA-3  is 
located  5 miles  east  of  Seaside  on  the  Oregon  cociiBt.  The  northern  part 
of  this  structure  is  formed  by  a thick  concordant-to-discordant  gabbroic 
sill  or  sheet  of  middle-Miocene  age.  Preliminary  fieldwork  suggests 
that  the  gabbro  was  intruded  along  a preexisting  structure,  perhaps  a 
collapse  feature  associated  with  middle-Miocene  volcanism  which  produced 
extensive  subaerial  and  submarine  basalt  flows  in  this  region.  An 
aeromagnetic  survey  of  this  area  was  completed  in  the  summer  of  I968, 
but  results  are  not  yet  available. 

The  radar  imagery  of  the  Oregon  coast  extends  only  about  10  miles 
inland,  and  we  consider  acquisition  of  radar  imagery  of  the  entire 
coast  range  to  be  highly  desirable.  High-altitude  (U-2)  photography 
has  been  requested  and  may  provide  additional  information.  The  high- 
altitude  photography  will  serve  as  a basis  for  comparison  of  radar 
imagery  and  high-altitude  aerial  photography* 


RESULTS  FROM  THE  USE  OF  INFRARED  DATA  FROM  NASA  AIRCRAFT 


Infrared  imagery  in  the  8p  to  l4y  range  has  been  obtained  for  the 
coasts  of  Washington  and  Oregon.  However,  cloud  cover  obscures  most 
of  the  Oregon  imagery.  Reconnaissance  mapping  of  the  area  immediately  ' 
adjacent  to  the  Washington  coast  is  near  completion,  and  the  infrared' 
imagery  is  now  being  evaluated.  Rocks  are  exposed  along  the  coast  on 
wave-cut  platforms  and  sea  cliffs,  but  dense  vegetation  and  unconsoli- 
dated surficial  deposits  almost  completely  obscure  bedrock  in  inland 
areas. 

Although  the  most  significant  features  shown  on  the  infrared 
imagery  of  the  Washington  coast  are  current  patterns  in  offshore  waters, 
at  least  one  fault  previously-  mapped  near  Point  Grenville  can  be  dis- 
cerned, on  the  infrared  image, The  fault  appears  as  a faint  thermal 

lineation  probably  caused  by  water  seepage  along  the  fa,ult  trace,  ^ Kelp- 
covered  reefs  disturb  current  movement  and  are  thus  visible  on  the 
imagery . Many  of  these  reefs  are  submerged  strike  ridges , and  their 
positions  and  orientations  as  shown  on  the  imagery. provide  additional 
data  for  geologic  mapping . 


Large-scale  sand  waves  with  amplitudes  of  several  tens  of  feet  are 
shown  on  the  imagery  of  tidal  flats  in  Willapa  Bay.  Smaller  sand  rip- 
ples are  superimposed  on  the  large  sand  waves  but  have  a different 
orientation.  The  sand  waves  are  probably  produced  by  tidal  current 
fluctuations  on  the  flats. 


17A-i+ 


Infrared  images  of  current  patterns  along  the  coast  are  signifi- 
C8.nt  to  geologic  studies  of  the  nearshore  shelf  areas  because  they 
provide  information  on  direction  of  current  movement,  which  in  turn 
controls  sediment  transport  and  deposition.  Interference  patterns  pro- 
duced hy  reefs , small  islands , and  headlands  allow  determination  of  • 
surface  water-movement  patterns.  These  current  data  are  applicable  to 
studies  of  recent  sedimentation  and  heavy  mineral  distribution.  A 
sequence  of  infrared  images  taken  at  different  times  of  the  year  wou.ld 
provide  useful  data  on  the  seasonal  variations  of  these  currents. 

Perhaps  the  most  spectacular  infrared  images  are  those  of  fresh- 
water plumes  which  extend  seaward  from  the  mouths  of  several  of  the 
larger  rivers.  They  are  particularly  well  developed  off  the  mouths  of 
the  Hoh,  Queets,  and  Quinault  Rivers.  Figure  ITA-lj-  shows  the  fresh- 
water plume  off  the  Quinault  River  at  Taholah,  Washington.  The  illumes 
consist  of  concentric  thermal  bands,  the  outward  edges  of  which  are 
warmer.  In  the  plume  off  the  mouth  of  the  Quinault  River,  the  concen- 
tric thermal  bands  are  arranged  in  two  similarly  distinct  sets;  other 
plumes  consist  of  only  one  set  of  concentric  thermal  bands  or  of  one 
distinct  set  and  a second  fain+  .:et.  The  thermal  bands  in  these  plumes 
are  thought  to  result  from  the  ^'■’action,  between  river  outflow  and 
tidal  fluctuation.  Unfortunately,  because  of  poor  weather  dufiiig  the 
latter  part  of  the  summer  (1968),  a planned  study  of  water  temperature, 
salinity,  and  conductivity  in  the  plumes  had  to  be  canceled.  These 
data,  as  well  as  temporal  variations  in  these  parameters  at  points 
within  the  plumes,  will  be  obtained  later  this  fall  (I968),  This  infor- 
mation is  necessary  for  determination  of  the  origin  and  rate  of  growth 
of  the  thermal  bands.  Successive  infrared  images  taken  over  a period 

lasting  from  several  hours  to  several days  would  also  be  very  usefu]>. 

for  the  interpretation  of  plume  origin. 


In  addition  to  the  current  patterns  and  pluries  shown  on  the  in- 
frared imagery,  fresh-water  springs  are  discernible  along  the  coast, 
particularly  where  sand  covers  the  bedrock; 

Enhanced  false-color  composite  transparencies  of  ah  infrared  image 
and  a color  aerial  photograph  have  recently  been  prepared  for  an  area 
near  Ozette  Island  where  the  wave-cut  platform  is  particularly  wide. 
These  composite  transparencies  have  not  yet  been  evaluated. 
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Figure  17A-2.-  Radar  image  of  area  near  Lincc'ln  City,  Oregon. 
Northeast  trend  of  lineation  is  caused  by  large  fault. 


Figure  17A-U.-  Infreired  image  of  the  Taholah,  Washington,  strea  showing 
thermal  plume  developed  off  the  mouth  of  the  Quinault  River. 
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PROGRESS  IN  APPLICATION  OF  REMOTE-SENSING  TECHNIQUES 
TO  MARINE  GEOLOGY  AND  HYDROLOGY 
By  Ernest  H.  Lathram 

INTRODUCTION 


This  year  is  the  first  year  in  which  NASA  funds  have  been  available 
to  the  U.S.  Geological  Survey  for  application  of  remote-sensing  tech- 
niques specifically  to.  marine  geologic  and  hydrologic  problems.  Remote- 
sensing techniques,  with  the  capability  of  repetitive  viewing,  will  be 
of  significant  value  in  monitoring  changes  in  state  with  time.  This  is 
particularly  true  of  future  orbital  sensing,  with  its  added  synoptic; 
capability.  In  the  study  of  coastal  areas,  it  is  particularly  important 
to  identify  changes  with  time  of  effects  wrought  by  geologic  and  hydro- 
logic  processes,  either  natural  or  in  response Jto  modifications  by  man. 
Part  of  the  effort  this  year  has  been  devoted  to  a selection  of  problems 
most  amenable  to  solution  by  remote- sensing  techniques  and  to  selection 
of  initial  sites  for  study.  Three  sites  have  been  recommended  for 
remote- sensing  investigations  — San  Francisco  Bay,  Laguna  Madre,  and  ^ 
Puerto  Rico.  Aircraft  data  have  been  requested  for  all  three  sites; 
Laguna  Madre  has  been  scheduled,  and  aircraft  data  should  be;  available 
by  the  end  of  calendar  I968.  Ground  studies  are  already  underway  on 
these  three  sites , jhence  remote-sensing  data  will  provide  immediate 
benefit  to  the  marine  program.  As  NASA  aircraft  data  were  nbt  available 
for  the  three  sites,  the  U.S.  Geological  Survey  acquired  color!  and  I 
infrared  data,  using  its own  funds,  in  order  to  begin  acquisition  and 
interpretation  of  necessary  ground  truth.  In  addition,  other  Interior 
Department  funds  have  been  made  available  for  additional  remote-sensing 
studies  along  the  coast  of  the  State  of  Washington.  Some  results  of 
studies  in  two  of  these  areas  are  reported  below. 


SAN  FRANGTSCO  BAY 


San  Francisco  Bay  was  selected  as  a site  not  only  because ^ of  its 
importance  to  the  civic  and  industrial  devdlopment of  a heavily  popula- 
ted and  growing  area,  but  also  bbcause  a nuiiltidisciplinary'  study  of 
hydrologic  and  geologic  problems  is  currently  being  undertaken  by  the 
U.S.  Geological  Survey.  Hence , close  integration  of  remote-sensing  and 
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ground  truth  studies,  and  immediate  application  of  results,  are  possible. 

Infrared  imagery  and  radiometer  surveys  were  flown  over  a portion  of 
San  Francisco  Bay  coincident  with  a systematic  geochemical  sampling  of  ^ 

the  water  column  and  bottom  sediments.  The  abundance  of  most  major  and 
minor  ions  in  four  cross  sections  of  San  Francisco  Bay  was  determined. 

Enhanced  composites  of  the  infrared  images  are  now  being  studied  in  an 

attempt  to  relate  the  photographs  to  variations  in  the  physical  and 

chemical  properties  of  the  suspended  sediment  and  the  water  of  the  bay.  > 


LAGUNA  MADRE 


Color  photography  covering  the  southern  coastal  area  of  Texas  was 
acquired  and  interpreted  in  relation  to  groimd  studies  of  Padre  Island 
and  Laguna  Madre.  Comparison  of  these  photographs  with  earlier  photo- 
graphs revealed  that  washover  scars  caused  by  Hurricane  Beulah  recurred 
in  places  that  had  previously  been  washed  over,  suggesting  that  areas  of 
greatest  probable  damage  can  be  predicted.  Classification  of  land  for 
housing  or  permanent  development  should  be  prevented  in  these  washover 
areas.  Furthermore,  the  photographs  revealed  that  the  dune  field  on 
Padre  Island  has  been  migrating  westward.  Comparison  of  the  photographs 
with  older  charts  shows  this  rate  of  migration  to  be  50  feet  per  year 
over  the  past  20  years.  Padre  Island  is  shown  to  be  actively  prograding 
into  Laguna  Madre,  concomitant  with  an  increase  in  island  width  of  more 
than  one-half  mile  since  the  l880's.  Deposition  of  sand  over  the  mouths 
of  the  washover  channels,  and  •rehealing  of  the  scars,  proceeds  at  a rapid 
pace.  Repetitive  monitoring  of  the  rehealing  process  and  of  the  migra- 
tion of  the  dune  field  will  be  of  great  value  in  the  developmental  plan- 
ning for  this  seashore. 

The  data  from  the  investigations  will  be  compiled  on  an  orthophoto- 
map now  being  prepared  by  the  U.S.  Geological  Survey.  As  remote-sensing 
data  from  orbit, al  altitudes  are  essentially  orthographic , j direct  compar- 
ison of  these  data  to  the  orthophotomap  will ‘be  possible.  Hence,  large 
areas  may  be  monitored  for  changes  in  coastal  configuration.  Ah  inter- 
esting field  for  development  is  the  routine  machine  comparison  of  orbit- 
ally  acquired  data  with  orthophotomaps  to  automatically  identify  areas 
of  change.  This  technique  would  permit  the  scientist  to  concentrate  on 
those  areas  where  change  has  occurred  and  to  study  the  nature  and  cause 
of  the  change . 


f ■ 


18-^1 


i. 

N71- 16143 

AIRBORNE  MULTIFREQUENCY  MICROWAVE  RADIOMETRIC  SENSING 
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of  Technology 
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Peter  Chapman  and  Jack  Quade 
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ABSTRACT 


In  support  of  the  NASA  Earth  Resources  Program,  an  empirical  study 
was  conducted,  using  airborne  and  ground-based  sensors,  to  search  for 
correlations  between  multispectral  microwave  brightness  temperatures 
and  geologic  parameters.  The  test  site,  in  the  vicinity; of  Mount  Lassen, 
California,  was  chosen  because  of  its  simple  topography,  large  distinct 
areas  of  homogeneous  composition,  roughness  characteristics,  and  lack  of 
vegetation.  Radiometers,  operating  at  9.3,  15.6,  22.2,  and  3^.0  giga- 
hertz, were  flown  over  preselected  flight  lines  four  times  per  flight 
to  collect  data. 


Results  of  the  ground-truth  studies  and  analysis  of  the  aircraft 
overflights  show  a distinction  between  cinder  and  lava,  two  chemically 
similar  materials  with  different  surface  characteristics.  Results  from 
an  area  of  cinder  layered  over  lava  show  a distinctive  response,  which 
may  be  related  to  cinder  thickness.  An  improved  experiment  (which  uses 
more  temperature  probes,  geologic  cross  sections,  a ground-based  micro- 
wave radiometer,  and  other  refinements)  is  recommended. 


*Publi shed  October  1968,  as  Jet  Propulsion  Laboratory  Technical 
Memorandum  33-^05. 


INTRODUCTION 


In  support  of  the  NASA  Earth  Resources  Program,  an  empirical  study 
was  conducted  in  the  vicinity  of  Mount  Lassen,  California,  to  determine 
correlations  between  multispectral  microwave  radiometric  signatures  and 
geologic  parameters.  The  experimental  portions  of  this  study  were  com- 
pleted on  August  l8  and  19j  1967 s with  the  overflight  tests  using  NASA 
remote-sensing  Convair  2h0k  aircraft  926.  This  report  covers  results 
of  those  tests,  subsequent  data  analysis,  and  recommendations  for  an 
improved  flight  test  for  the  test-  site.  In  addition,  a summary  of  the 
principles  of  microwave  radiometric  sensing  and  a description  of  the 
airborne  radiometric  system  are  contained  in  appendixes  I8A  and  18B, 
respectively. 


The  investigation  was  accomplished  as  a joint  effort  by  the  Univer- 
sity of  Nevada  and  the  California  Institute  of  Technology  Jet  Propulsion 
Laboratory.  The  authors  express  gratitude  for  the  support  and  services 
provided  by  the  Earth  Resources  Program  Office  and  the  Plight  Operations 
Office  at  the  NASA  Manned  Spacecraft  Center,  Houston,  Texas.  In  addi- 
tion, the  authors  express  their  appreciation  for  the  cooperation  of  the 
U.S.  National  Park  Service  at  Mount  Lassen. 


Geology  of  Test  Site 

The  test  site  is  part  of  a volcanic  province  that  contains  a well- 
exposed  series  of  eruptive  rocks  and  a cinder  cone  about  10  miles  east- 
northeast  of  Lassen  Peak,  Mount  Lassen  National  Park  (fig.  I8-I) . The 
cinder  cone  is  a product  of  a series  of  pyroclastic  eruptions,  beginning 
several  thousand  years  ago  and  concluding  in  I85I.  After  each  eruption, 
there  was  an  effusion  of  lava  from  the  base  of  the  cinder  cone,  followed 
by  long  periods  of  quiescence.  Several  other  'Smaller  primary  cones  exist 
in  the  southern  and  northern  part  of  the  flows , which  complicates  the 
dating  and  numbering  of  all  the  flows. 

The  lava  flows  dammed  the  drainage  into  Butte  Lake,  thus  forming 
Snag  Lake . Now  33  feet  higher  than  Butte  Lake , Snag  Lake  supplies  water 
through  the  porous  flows  into  Butte  Lake'.  Prior  to  the  last  lava  flows, 
deposition  of  diatomaceous  earth  accumulated  in  Butte  Lake j vestiges  of 
this  deposit  can  still  be  found  along  the  margins  of  the  lake  and  lava 
flows . , , , ' ■ 

A close  inspection  of  the  test  site  reveals  that  it  may  be  divided 
into  seven  basic  units . These  can  best  be  seen  in  a photograph  of  the 
test  site  (fig.  l8-2)  and  in  the  supporting  geologic  map  (fig.  l8-3) . 

The  dark  areas,  designated  as  areas  5 and  6 on  figure  l8-2,  consist 
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mainly  of  blocky  lava,  some  aa,  and  even  less  pahoehoe,  the  latter  being 
associated  -with  the  later  flows.  The  last  flow  (area  6),  which  is  dis- 
tinctly black,  can  easily  be  traced  from  the  breach  in  the  southern  end 
of  the  cone.  The  immediate  vicinity  of  the  cinder  cone  is  covered  with 
a pumiceous  cinder,  which  overlies  the  dense  lava  associated  with  the 
flows.  Where  the  cinder  covered  the  lava  directly  (area  4),  it  was 
greatly  altered  by  heat  and  fnmerolic  action.  Where  the  cinder  did  not 
cover  the  molten  lava  (area  3),  it  shows  little  alteration  and  remains 
dark  gray  to  black.  The  greatest  percentage  of  lava  material  along  both 
flight  lines  is  homogeneous  in  texture  and  chemical  composition. 


Surface  Characteristics 

The  surface  characteristics  of  the  basic  test  units  (fig.  18-2)  are 
described  in  terms  of  the  roughness  classification  in  appendix  l8C. 

1.  Forest:  classes  II,  III.  Past  experiments  l;ave  shown  that 

densely  vegetated  areas  approximate  blackbody  radiators  at  microwave 
frequencies.  Hence,  the  forested  areas  may  serve  as  good  calibration 
points  for  the  radiometers. 

2.  Water:  classes  I,  II.  During  both  night  and  day,  the  surfaces 

of  the  lakes  were  nearly  smooth.  The  lakes  also  provide  good  calibration 
points  for  the  radiometers. 

3.  Unaltered  cinder:  class  II.  Except  for  the  cinder  cone,  the 

areas  of  unaltered  cinder  are  relatively  flat  and  have  a particle-size 
distribution  between  X/lO  and  A. 

4.  Altered  cinder:  cla!sses  II,  IV.  The  altered  cinder  is  a hilly 

area  because  of  its  superposition  on  the  underlying  flow.  It  has  pdak- 
"fco— valley  variations  on  the  order  of  2 to  20  feet.  Its  variations  are 
smoother  (like  dunes)  than  the  characteristically  angular  variations  in 
the  basalts  of  the  lava  flows.  The  surface-particle  distributions  are 
the  same  as  the  unaltered  cinder. 


5 . Lava  flows:  classes  Ij  III,  IV.  The  lava  flows  consist  of 

sharp  hills  covered  with  lava  blocks.  The  hill  heights  vary  from  approx- 
imately 5 to  30  feet.  The  blocks  range  in  size  from  30  to  60  centimeters 
and  have  smooth  surfaces. 

6.  Lava  flows  of  I85I.  Most  pf  the  smooth-textured  (pahoehoe) 
lava  is  associated  with  these  recent  dark  black  flows. 

Tv  Cinder  cone:  classes  II,  IV.  The  cinder  cone  has  a slope 

variation  superimposed  on  the  unaltered  cinder. 


Flight-Line  Selection 


The  Mount  Lassen  Test  Site  is  veil  suited  for  evaluating  microvave 
radiometric  techniques  to  sense  geologic  phenomena  because  it  is  rela- 
tively flat,  vith  large  homogeneous  areas  of  similar  chemical  composi- 
tion. Tvo  flight  lines  vere  chosen  to  utilize  the  characteristics  of 
the  terrain  to  the  fullest  extent.  Both  flight  lines  originated  over 
lakes,  vhich  offered  geographic  reference  for  flight  lines  and  calibra- 
tion  points  for  the  radiometer  data.  In  each  case,  the  lines  traversed 
a course  across  lakes,  basalt  flovs,  cinder  materials,  and  vegetated 
area.  The  chemistry,  porosity,  particle  sizes,  and  surface  geometry  for 
individual  units  vere  remarkably  similar  along  both  flight  lines.  The 
steep  topography  of  the  cinder  cone  permits  a study  of  slope  effects. 

The  remaining  portions  of  the  flight  lines  vere  relatively  flat  vith 
little  vegetation.  The  individual  areas  along  both  lines  had  uniform 
characteristics,  permitting  a more  expeditious  examination  of  the  ef- 
fects of  surface  roughness  and  material  density  on  the  microvave  signa- 
tures. The  dense  vegetation  bounding  the  flight  lines  offered  the 
potential  of  a second  calibration  point  for  the  radiometers. 


MISSION  STUDIES 


Ground-Truth  Studies 

The  investigations  of  the  ground  parameters  at  the  Mount  Lassen 
Test  Site  vere  initiated  2 months  prior  to  the  overflight.  These  studies 
included  standard  geologic  mapping,  particle-size  measiorements , petro- 
graphic and  chemical  studies,  as  veil  as  density  and  moisture  measure- 
ments. In  the  case  of  chemical  and  petrographic  studies,  a sampling  grid 
vas  established  along  the  general  area  of  the  flight  lines  (fig,  l8-U). 
Samples  vere  collected,  numbered,  and  returned  to  the  University  of 
Nevada  for  laboratory  analysis.  Using  a neutron  gamma-gamma  probe,  di- 
rect field  measurements  for  density  and  moisture  vere  carried  out  on  the 
altered  cinder  material.  Samples  vere  collected  along  both  flight  lines 
and  returned  to  the  laboratory  for  particle-size  analysis . Results  of 
the  studies  vere  used  as  the  basis  for  establishing  final  positioning  of 
the  flight  track  and  influenced  the  placement  of  ground  monitoring  sta- 
tions manned  during  the  overflight. 


The  only  time-dependent  variables  monitored  during  the  overflight 
vere  surface  and  subsurface  temperatures , ^moisture  content  of  the  cinder, 
lake  temperatures,  and  meteorological  data  taken  from  a veather  station 
located  at  the  center  of  the  flight  line.  Important  thermal  and  atmos- 
pheric parameters  vere  measured  during  both  the  day  (13 : 00  hours ) and 
night  (Qi^:00  hours)  overflights.  Hovever,  data  vere  affected  by  the 
presence  of  scattered  cloud  during  the  day  flight . Because  shadoving 


effects  from  the  cloud  cover  caused  thermal  variations  on  portions  of 
the  'cest  site,  efforts  were  concentrated  on  data  gathered  during  the 

night  flight.^ 

Chemical  analysis.-  Detailed  studies  of  the  rock  chemistry  have 
indicated  little  or  no  variation  in  the  chemical  makeup  of  the  lava  and 
c5.nder.  The  chemical  consistency  between  cinder  and  lava  virtually 
eliminates  the  possibility  of  the  variation. in  microwave  data  being 
caused  by  changes  in  cheraical  compositions.  Figure  18-5  indicates  the 
results  of  the  chemical  analyses  from  a series  of  samples  collected 
along  flight  line  2.  The  average  chemical  results  are  summarized  in 
table  18-I. 

Density  and  moisture  measurements.-  Density  measurements  of  the 
cinder  were  performed  at  the  test  site  with  a neutron  gamma-gamma  probe. 
Resulting  data  indicate  a very  high  porosity  even  for  a vesicular  mate- 
rial, with  air  occupying  approximately  60  percent  of  the  total  volume. 
The  vesicular  cinder  shows  virtually  rio  compaction,  which  helps  account 
for  the  unusually  high  porosity.  The  highly  permeable  area  of  cinder  is 
well  drained,  containing  only  about  3 percent  moisture  in  the  first 
2 feet.  Alteration,  .which  occurs  throughout  the  cinder  deposits,  seems 
to  have  produced,  little  variation  in  the  density  measurement s|. 

The  soil  moisture  measurements  were  monitored  over  a period  of 
several  days  prior  to,  as  well  as  during,  the  overflights.  The  results 
are  presente^d  in  table  l8-II. 

Particle-size  analysis . -Particle  sizes  of  the  cinder  were  obtained 
by  use  of  a square-root-of-two-series  sieve  set.  These  measurements  in- 
dicated that  a great  majority  of  the  cinder  particles  were  comparable  or 
smaller  in  size  than  the  wavelengths  received  by  the  microwave  radiom- 
eter.s.  In  contrast,  the  lava  material  consisted  of  large  basalt  blocks, 
30  to  60  centimeters  in  siz.e,  many  times  larger  than  any  of  the  wave- 
lengths. The  particular  size  variations  of  the  cinder  are  presented  in 
figure  l8-6.  The  composite  grain-size  distribution  for  the  l6  samples 
is  shown  in  figure  l8-T* 


Measurements  During  Overflight 

At  the  beginning  and  end  of  both  flight  lines.i  stations  were  manned 
to  provide  communications  for  aircraft  guidance,  and  to  obtain  tempera- 
tures and  meteorological  measurements  (fig,  18-8).  A fifth  station  was 


Only  a portion  of  the  ground-truth  data  is  presented  in  this 
paper.  The  complete  preflight  and  inflight  studies  can  be  found 
in  University  of  Nevada  Technical  Letters  8 and  10. 
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used  as  a meteorological  station,  while  a sixth  station  was  mobile  along 
the  junction  of  both  flight  lines,  gathering  infrared  (IR)  radiometric 
measurements . A seventh  (unmanned)  station  consisted  of  temperature 
probes  at  various  depths  within  the  cinder  fields. 

The  meteorological  station  operated  radiosondes,  on  a cethered  bal- 
loon up  to  aircraft  elevation,,  before,  after,  and  during  the  overflights. 
By  taking  soundings  along  the  entire  interface  between  the  ground  and  the 
aircraft,  the  total  moisture  in  the  atmospheric  column,  through  which  the 
sensors  were  looking,  was  established.  Wet  and  dry  bulb  temperatures, 
using  a sling  psychrometer , were  recorded  at  each  of  the  manned  stations 
to  enhance  the  overall  meteorological  information. 

Contact  and  IR  radiometric  temperatures  were  taken  of  the  la^va 
flows,  cinder  fields,  and  .lakes  over  as  wide  a range  of  locations  as 
each  station  could  observe  during  the  -limited  time  frames . Upon  com- 
pletion of  the  night  and  day  missions,  soil  moisture  samples  were  col- 
lected from  selected  areas  along  the  flight  line.  In  addition  to  those 
tasks,  the  end  stations  along  the  flight  line  provided  floodlights  for 
aircraft  guidance  during  the  night  mission.  A summary  of  the  tempera- 
tures taken  at  different  stations  during  the  overflights  is  given  in 
table  18-III. 

By  the  use  of  thermistor  probes  on  the  surface  and  at  varied  depths 
in  the  cinder,  a temperature  profile  was  established  over  the  course  of 
several  days  before  and  during  the  overflight L These  measurements  indi- 
cated a wide  daily  variation  of  temperature  at  the  surface  and  a fairly 
constant  temperature  at  the  12-inch  depth.  Below  12  inches,  the  tempera- 
tures most  likely  reflect  seasonal  variations.  Figure  l8-9  plots  results 
of  temperature  measurements  for  a 2i+-hour  cycle  at  various  cinder  depths. 
It  would  have  been  desirable  to  measure  temperatures  from  the  lava  fields 
at  varied  depths,  but,  without  hard-rock  drilling  equipment , such  attempts 
proved  unsatisfactory. 


AIRCRAFT  SYSTEMS  PERFORMANCE 


Description  of  Flights 

Tile  long-term  test  site  studies  conducted  prior  to  the  flights  were 
instrmental  in  establishing r both  the  flight  lines  and  flight  scheduling. 
Day  and  night  flights  were  flow  to  determine  diurnal  influenees  on 'the 
microwave  signature.  Although  maximum  surface  temperatures  occurred  be- 
tween 1:00  and  3:00  p.m.,  the  day  mission  was  scheduled  for  11:00  a.m. 
because  of  the  afternoon  cloud  buildup,  which  has  a di’9.stic  effect  on 
IR  temperatures.  However,  mechanical  difficulties  caused  a 2 -hour  air- 
craft delay,  and  scattered  clouds  were  over  the  test  site  at  the  time  of 
the  overflight . 
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Flight  line  1 was  flown  south  to  north,  and  flight  line  2 was  flown 
from  northeast  to  southwest  in  a ’’figure  8”  pattern.  Four  runs  were 
flown  over  each  line  in  the  same  direction  and  at  constant  altitude, 
with  radiometer  heam  settings  of  10°  E,  10°  H,  45°  E,  and  45°  H.  The 
lowest  possible  altitude  was  desired  to  maximize  spatial  resolution  of 
the  radiometers.  Considerations  of  low-level  turbulence  (day)  and  air- 
craft safety  (night)  determined  the  flying  altitude,  4000  feet  above  the 
terrain.  Gro\and-re solution  elements  for  this  altitude  are  listed  in 
table  18A-I  of  appendix  18A. 


Aircraft  Performance 

Aircraft  ground  tract . - Aircraft  altitude  and  position  over  the 
flight  lines  are  of  prime  consideration  when  comparing  a number  of 
passes  over  the  same  target.  Using  aerial  photography,  the  exact  track 
of  the  aircraft  was  plotted  for  the  day  mission.  The  plots  indicate  the 
pilot  had  difficulty  in  holding  flight  line ^ 1 because  of  excessive  cross- 
winds  and  limited  ground  visibility.  The  night  mission  runs  were  plotted 
from  the  Reconofax  IV  thermal  IR  imagery  and  indicated  less  difficulty 
in  holding  the  flight  path  in  the  absence  of  crosswinds. 

Variations  in  aircraft  velocity  were  corrected  by  scaling  the  dis- 
tance between  lakes  located  at  the  ends  of  the  flight,  lines  and  recording 
the  number  of  integrations  made  by  the  radiometers.  By  superimposing  the 
data  on  the  known  flight  track,  it  was  found  that  the  velocity  between 
different  runs  varied  only  slightly.  The  only  critical  target  on  the 
flight  line  was  the  cinder  cone,  over  which  pilots  of  the  aircraft  posi- 
tion are  represented  in  figure  18-10. 

A single-channel  radiometer  response  is  included  to  show  the  com- 
parison between  the  temperature  measured  by  the  radiometer  and  the  track 
of  the  aircraft.  Because  the  data  were  good  and  the  cinder  areas  ap- 
peared as  thermal  anomalies  to  the  microwave  radiometers , some  determi- 
nation of  aircraft  position  on  the  flight  lines  could  "be  made  directly 
from  the  microwave  data  itself.  Figure  iB-ll  shows  the  composite  plots 
of  all  runs  made  by  the  aircraft  during  the  day.  Only  data  representing 
flights  over  the  same  target  on  the  ground  were  used  for  comparative 
studies . 

Prift  angle  effects. - The  radiometer  beam  intercept  along  the  ground 
was  offset  from  the  aircraft  ground  track  when  the  aircraft  was  forced  to 
crab  into  the  wind.  This  offset  D is  given  by 


D = H tan  a sin  6 
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where  H = altitude  above  ground 
a = radiometer  look  angle 
9 = drift  angle 

Table  18-IV  summarizes  the  offsets  for  the  day  flight  (number  5).  There 
was  no  drift  angle  during  the  night  flight  (number  6). 

Aircraft  stability.-  Superimposed  on  the  offsets  in  beam  position, 
caused  by  aircraft  track  and  drift  angles,  is  a randomly  varying  offset 
caused  by  roll,  pitch,  and  yaw  of  the  aircraft.  The  magnitude  and  peak 
deviations  of  the  roll,  pitch,  and  yaw  rates,  and  altitude  for  each  of 
the  flight  lines  are  listed  in  table  I8-V.  No  attempt  was  made  to  cor- 
rect for  these  effects,  which  were  generally  small. 


Radiometer  System  Performance 

Recorder  evaluation.-  An  indication  of  recorder  performance  for  the 
9.3-gigahertz  channel  is  shown  in  figures  18-12  to  I8-IU.  Figure  18-12 
shows  the  recorder  deviation  from  the  linear  equation  established  by  the 
1.5-  and  3.0-volt  calibration  points.  Over  the  entire  5-volt  range,  the 
maximum  deviation  is  30  millivolts,  which  corresponds  to  0.6  percent  of 
full  scale.  The  deviation  over  the  range  of  most  of  the  data,  0.5  to- 
3.5  volts,  is  12  millivolts  (0.25  percent). 

Figures  18-13  and  18-1^1  show  the  1. 5-  and  3.0-volt  calibrations  for 

flights  5 and  6,  respectively.  For  each  run,  several  1-second  samples 

are  plotted  for  the  calibrations  recorded  before  and  after  the  run.  Sam- 
ples within  the  run  show  that  recorder  noise  levels  were  satisfactorily 
low,  except  for  the  following  cases:  preflight  calibration  and  run  4, 

flight  line  2 of  flight  5;  and  preflight  calibration,  run  3,  flight 
line  2,  and  run  4,  flight  line  1 of  flight  6,  In  these  cases,  recorder 
wow  caused  peak  excursions  up  to  70  millivolts  (l. U percent ).  Wow 
greatly  reduced  the  usefulness  of  the  data  in  which  it  was  present.  The 
single  deviation  in  the  flight  5,  run  3,  flight  line  2,  1.5-volt  cali- 
bration  was  the  result  of  recorder  dropout,  a phenomenon  which  occurs 
occasionally  in  the  data. 

Except  for  the  noisy  runs,  figures  18-13  and  18-1^1  show  that  the 
recorder  drift  is  less  than  ±8  millivolts,  which  is  acceptable  perform- 
ance for  the  recorder. 


Radiometer  evaluation.-  A summary  of  the  radiometer  calibrations 
is  shown  in  table  I8-VI,  The  base-line  voltage  is  the  voltage  output 
for  an  absorber  temperature  of  290.”  K.  The  value  listed  is  the  average 
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of  the  prefllght  and  postflight  calihrations » The  deviation  is  one-half 
of  the  difference  in  degrees  Kelvin  between  the  preflight  and  postflight 
values.  The  scale  factor  is  the  gain  of  the  instrument  in  degrees  Kelvin 
per  volt.  Its  deviation  in  percentage  is  one-half  the  difference  between 
and  postflight  values,  divided  by  the  average. 

The  deviations  for  the  15.8-gigaherta  channel  are  within  the  limits 
imposed  by ^ the  radiometer  noise  alone.  The  gain  deviations  for  the  22.2- 
and  34 . O-gigahertz  channels  are  also  within  the  radiometer  noise  limita- 
tions. However,  the  base-line  variations  are  two  to  four  times  greater 
than;  those  expected  from  instrument  noise  alone.  This  would  indicate 
tha,t  the  22.2-  and  34.0-gigahertz  channels  were  less  stable  than  the 
^5 • —gigahertz  channel.  Both  deviations  for  the  9« 3— gigahertz  channel 
are  considerably  out  of  the  expected  range  and  render  run-to-run  com- 
parisons of  the  9.3-gigahertz  data  somewhat  questionable. 


An  examination  of  the  postflight  calibration  data  for  flight  6 in- 
dicates that  the  peak  noise  fluctuation  over  a 50-second  interval  was 
3.0  K,  or  less,  for^the  15.8-,  22.2-,  and  34.0-gigahertz  channels.  This 
compares  favorably  with  the  laboratory  results  discussed  in  appendix  18A. 
However,  the  9.3-gigahertz  peak -noise  fluctuations  were  on  the  order  of 
30  K,  which  is  considerably  higher  than  the  laboratory  results.  This  i 
may  be  attributed  in  part  to  a lower  gain  in  the  9.3-gigahertz  channel, 
which  increases  noise  contributions  resulting  from  the  recorder.  Radar 
interference  is  also  frequently  experienced  on  the  9.3-gigahertz  channel. 
The  fluctuations are  shown  by  brackets  on  the  flight  data  to 

indicate  how.  much  of  the  fluctuations  along  a flight  line  may  be  attrib- 
uted to  inherent  system  noise. 

Since  these  calibrations  are  measures  of  the  instrument  status  be- 
fore and  after  the  flight,  it  is  assumed  that  they  are  representative  of 
instrument  status  during  the  flight.  In  some  instances  (e.g.,  flight  5), 
the ^ ambient ^ temperature  during  preflight  and  postflight  calibrations 
varied  significantly  from  that  encountered  at  flight  altitude.  Because 
the  instrument  was  not  in  a temperature-controlled  environment,  this 
could  have ^ caused  change  in  base  line  and  gain  between  calibration  and 
the  overflight.  However,  with  the  possible  exception  of  the  9-. 3-gigahertZ 
channel,  the  radiometers  are  known  to  be  stable  in  a const ant -temperature 
environment.  Hence,  base=line  and  gain  drifts  during  the  overflight  are 
expected  to  be  small. 

An  indication  of  instrument  performance  during  flight  can  be  obtained 
by  observing  the  flight  data.  Neither  theoretical  nor  experimental  values! 
are  available  for  microwave  brightness  temperatures;  therefore  * evalua- 
tion of  the  instruments  data  output  can  be  done  on  a qualitative  basis 
only.  With  this  in  mind,  refer  to  table  18-VII,  which  lists  antenna 
temperatures  at  selected  points  over  water  and  forest  at  either  end  of 


the  flight  line.  Comparing  the  E-  and  H-plane  polarization  data,  over 
water  for  10°  and  look  angles,  and  using  the  definitions  of  polar- 
ization in  table  18B-I  of  appendix  18B,  it  can  be  seen  that  q[ualitatively 
the  radiometers  behave  as  expected.  That  is,  (l)  vertical  polarizations 
yield  higher  antenna  temperatures  than  horizontal  temperature  polariza- 
tions, and  (2)  antenna  temperatures  at  1+5°  are  lower  than  those  at  10° 
for  horizontal  polarizations  and  are  higher  than  those  at  10°  for  verti- 
cal polarizations.  Comparison  of  day  and  night  antenna  temperatures 
over  the  forested  area  at  a 10°  look  angle  was  made  to  determine  the 
validity  of  day-night  comparisons  of  antenna  temperatures  for  a given 
channel.  The  forest  was  chosen  because  it  has  a high  emissivity  and 
most  closely  approximates  a blackbody.  In  all  cases,  antenna  tempera- 
tures were  less  at  night  than  during  the  day  (in  most  cases,  from  10° 
to  13°  K) . This  is  in  good  comparison  with  the  11°  to  13°  K difference 
in  vegetation  temperature  measured  with  the  IR  radiometer.  Day-night 
comparisons  of  results  are  valid  within  the  uncertainty  limits  imposed 
by  the  preflight  and  postflight  calibrations. 


If  adequate  field  and/or  theoretical  values  for  brightness  temper- 
atures over  the  water  and  forests  were  available,  it  would  be  possible 
to  calibrate  the  radiometers  in  terms  of  a temperature  that  would  be  a 
first-order  approximation- of  brightness  temperature  (loss  effects  re- 
moved; side-lobe  contributions  not  removed). 


MULTISPECTRAL  MICROWAVE  RESULTS 


The  reduced  aircraft  radiometer  data  were  analyzed  with  respect  to 
the  ground  studies  and  within  the  limits  of  system  performance  discussed 
in  previous  sections.  The  analysis  includes  further  verification  of 
system  performance  by  observation  of  the  data,  examination  of  the  effects 
of  surface  roughness  and  layering  on  the  data,  and  discussion  of  limita- 
tions on  the  experiment  because  of  both  its  design  and  inherent  system 
characteristics.  These  considerations  serve  as  bases  for  experiments 
proposed  in  the  conclusions  and  recommendations.  Details  of  the  reduc- 
tion of  the  raw  data  to  antenna  temperature  are  presented  in  the  section 
on  data  reduction  in  appendix  18B. 

Figure  18-15,  the  3^. 0-gigahertz  radiometer  response  for  the  four  ] 
night  runs  over  flight  line  1,  demonstrates  that  the  va^rlous  element 
along  the  flight  line  are  differentiable  with  a microwave  radiometer. 
Every  run  shows  a distinctive  return  for  water,  lava,  cinder  cone,  and 
forest.  This  consistency  in  results  indicates  that  the  response  is 
caused  by  systematic  changes  in  terrain,  rather  than  by  random  instru- 
mental errors . 
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Multiple -frequency  microwave  radiometers  offer  the  potential  of 
differentiating  between  various  parameters  of  the  terrain  that  are  ob- 
served. Since  the  microwave  data  contained  herein  are  in  terms  of  an- 
tenna (not  brightness)  temperatures,  only  relative  comparisons  among 
the  different  frequency  channels  are  valid.  Because  antenna  beam  widths 
and  side-lobe  structures  are  different  for  each  of  the  channels,  it  is 
assumed  that  the  area  observed  at  each  instant  is  uniform  for  all  of 
the  beam  intercepts  and  that  variations  resulting  from  different  side- 
lobe  structures  are  negligible. 


Thermal  Effects 


The  thermal  properties  of  the  cinder  and  lava  materials  are  con- 
trolled primarily  by  albedo  (reflectivity  at  solar  wavelengths)  and 
thermal  diffusivity.  The  photograph  of  the  test  site  (fig.  l8-2)  shows 
the  basaltic  lava  flows  to  be  darker  in  color  than  the  cinder  field. 
Hence,  the  lava  flows  will  have  a lower  a3.bedo  than  the  cinder  and  will 
absorb  more  solar  thermal  energy  dioring  the  day.  The  thermal  IR  imagery 
taken  during  the  day  flight  (fig.  I8-I6)  shows  that  the  basalt  is  cooler 
than  the  cinder.  Since  it  is  absorbing  more  energy  than  the  cinder,  its 
coolness  must  be  the  result  of  higher  thermal  diffusivity  (i.e.,  ability 
to  conduct  the  solar  energy  received  at  the  surface  to  subsurface  zones). 
(Because  of  an  automatic  gain  control  on  the  IR  imager,  the  gray  scale 
is  not  uniquely  related  to  temperature.  Temperatures  of  the  water 
(lakes),  cinder,  and  lava  flows  are  given  in  table  I8-III.) 


The  IR  imagery  from  the  night  flight  is  shown  in  figure  I8-I6 . The 
relative  surface  temperatures  have  reversed  themselves  from  those  of  the 
day  flight  because  of  the  higher  thermal  diffusivity  of  the  basalt,  which 
is  being  heated  at  the  surface  by  the  energy  stored  at  depth.  Although 
the  cinder  has  a relatively  warm  zone  at  a depth  of  12  inches  (25°  C), 
it  is  such  a good  insulator  (low  thermal  diffusivity) that  its  surface 


equilibrates  roughlyi 


with  the  air  temperature  (10°  C). 


Average  measured  values  of  antenna  temperatures  over  water,  lava, 
and  unaltered  cinder  of  flight  6 (night)  are  shown  diagrammatic ally  in 
figure  18-17.  As  indicated  by  the  IR  and  3^. 0-gigahertz  microwave  radi- 
ometers, the  surface  temperature  of  the  lava  is  significantly  warmer 
than  that  of  the  cinder  . However, ^ a^^  sensed  by  the 

9.3-gigahertz  ■radiometers  the  subsurface  temperature  of  the  lava  is 
cooler  than  that  of  the  ciiider.  The  22^2-  and  15.8-gigahertz  channels 
show  intermediate  response^,  with  the  15.8-gigahertz  response  indicat- 
ing no  temperature  change  between  the  two  substances.  The  low  temper- 
ature over  water  is  the  result  of  the  low  emissivity  of  water  in  the 
microwave  portion  of  the  spectrum. 


There  are  several  factors  that  may  contrihute  to  the  signal  dif- 
ferences between  the  lava  and  unaltered  cinder i chemical  composition, 
moisture  content,  surface  characteristics,  microwave  penetration  depth, 
and  thermal  properties.  Since  the  chemical  composition  of  the  cinder 
and  .the  lava  were  essentially  the  same  by  choice,  it  was  not  a contrib- 
uting factor.  Moisture  has  the  effect  of  lowering  the  brightness  tem- 
perature and  decreasing  the  depth  of  penetration.  The  moisture  content 
was  low  for  both  materials , and  the  microwave  return  did  not  show  con- 
sistently cooler  temperatures  at  all  frequencies  over  either  of  the  ma- 
terials. Surface  roughness  (surface  area  exposure)  affects  cooling 
rates  and  hence  microwave  brightness  temperatures.  It  is  expected  that 
these  effects  would  cause  consistent  trends  in  the  data;  that  is,  all 
channels  would  show  the  lava  to  be  cooler  than  the  cinder  or  vice  versa. 
Since  this  supposition  is  not  supported  by  the  responses  in  figure  18-lT 
moisture  and  siirface  roughness  do  not  appear  to  be  controlling  factors 
in  these  microwave  responses. 

Radiometric  penetration  depth  will  certainly  influence  the  observed 
brightness  temperature.  If  the  penetration  depth  of  the  cinder  was 
greater  than  that  of  the  basalt  and  if  all  other  factors  were  equal,  the 
9 . 3-gigahert z channel  would  show  the  cinder  to  be  warmer  than  the  lava 
at  night,  as  indicated  by  the  data.  However,  the  surface  temperature 
would  be  the  same  for  both  materials.  This  is  not  supported  by  the  IR 
and  34.0-gigahertz  data. 

The  controlling  factor  in  the  response  appears  to  be  the  thermal 
properties  of  the  material.  The  better  thermal  conductor  of  two  ma- 
terials will  show  a warmer  surface  temperature  and  a cooler  temperature 
at  depth  during  the  night.  Of  course,  there  will  be  an  isothermal  depth 
at  which  the  temperatures  of  the  two  materials  are  equal.  Although  the 
first  four  factors,  especially  the  penetration  depth,  certainly  contrib- 
ute to  the  signal,  the  explanation  that  the  cinder  ^because  of  its  po- 
rosity) is  not  as  good  a thermal  conductor  as  the  basalt,  best  fits  the 
observed  data.  This  conclusion  is  further  confirmed  by  consideration 
of  a similar  response  diagram  for  the  day  flights.  Figure  I8-I8  shows 
a temperature  reversal  in  the  9.3-  and  15 .8-glgahertz  channels.  Scat- 
tered clouds  rendered  surface  thermal  considerations  Inconclusive  during 
the  day  flight . 

In  differentiating  between  the  lava  and  the  altered  cinder  for  the 
night  flight , the  9 • 3-  and  34.0-gigahertz  channels  are  more  graphic  than 
the  15 . 8—  and  22.2-gigahertz  channels . The  actual  responses  for  these 
two  channels  for  two  runs  are  shown  in  figure  I8-I9.  For  these  runs, 
the  34. O-gigahertz  channel  consistently  shows  the  lava  to  be  warmer  than 
the  cinder,  and  the  9.3-gigahertz  channel  consistently  shows  the  lava  to 
be  cooler  than  the  cinder.  This  consistency  indicates  that  these  are 
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systematic  changes  caused  by  the  terrain,  rather  than  random  instrumen- 
tal changes . Figure  18-19  also  indicates  that  the  position  of  the  max- 
imum temperature  at  9*3  gigahertz  does  not  correspond  to  minimum 
3^ . 0-gigahertz  temperatures . 

The  altered  cinder  covers  the  lava  in  varying  thicknesses  and  will 
have  varying  themal  gradients.  The  radiometer  response  will  depend  on 
these  thermal  properties  and  on  the  radiometric  penetration  depth  for 
the  two  materials.  A more  complete  knowledge  of  the  geologic  cross  sec- 
tion and  diurnal  heating  characteristics  is  required  for  detailed  inter- 
pretation of  the  responses  of  figure  18-19 . An  improved  experiment  over 
the  same  test  area  would  include  more  extensive  determination  of  the 
geologic  cross  section  and  diurnal  measurements  of  contact  and  radio- 
metric  (with  a ground-based  instrument)  temperatures  in  the  cinder,  lava, 
and  layered  areas . 


Cinder  Cone 

The  principal  reason  for  flying  the  cinder-cone  flight  line  was  to 
measure  the  effect  of  slope  on  the  antenna  temperature.  These  cinder- 
cone  data  were  then  to  be  compared  with- data  generated  along  the  flat - 
lying  cinder  on  flight  line  2.  Again,  only  night  data  were  reduced  for 
comparison.  The  microwave  data  indicated  that  the  subsurface  tempera- 
tures (9.3  gigahertz)  of  the  cone  varied  greatly  from  the  north  to:_the 
south  side.  This  anomaly  is  primarily  a product  of  the  sun  angles  on 
the  cone.  During  the  day,  the  sun  heats  the  south  side  of  the  cinder 
cone  to  temperatures  i well  in  excess  of  those  on  the  north  side.  Night 
IR  imagery  indicated  that  there  was  no  north-south  variation  in  surface 
thermal  temperature,  evidence  that  the  surface  cinder  material  is  more 
sensitive  to  the  surrounding  air  temperature  than  to  subsurface  temper- 
atures. 

Figure  18-20  is  a sample  of  the  data  received  over  the  cinder  cone,  ^ 
which  is  located  directly  in  the  center  of  the  ! data.  ; The  length  of  the  ' 
cone  represents  eight  integrations  or  8 seconds  of  flight . The 
34.0 -gigahertz  channel  and  the  IR  imagery  give  similar  readings  for- 
surface  temperatures  on  the  north  and  south  sides  of  the  cinder  cone; 
whereas  the  9.3-gigahertz  channel  shows  clearly  that  the  subsurface 
temperatures  on  the  south  side  of  the  cone  were  above  those  of  the 
north  side.  Because  of  the  wide  variation  in  subsurface  temperatures 
on  the  cinder  cone,  no  attempt  was  made  to  compare  these  data  with  those 
collected  over  the  flat  cinder  areas . 
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Surface  Roughness  Effects 

As  indicated  in  appendix  18B,  the  microvave  radiometer  has  a re- 
sponse that  is  different  as  a function  of  incidence  angle  for  horizon- 
tal and  vertical  polarizations.  For  a smooth  surface,  the  vert ic ally- 
polarized  temperature  component  will  be  greater  than  the  horizontally- 
polarized  component,  and  that  difference  will  be  greater  at  ^5°  than 
at  10°.  This  phenomenon  can  be  observed  in  the  graph  of  temperature 
differences  over  Snag  Lake  (fig.  18-21,  water),  and  demonstrates  the 
differences  between  vertical  and  horizontal  polarization  temperatures 
over  a body  of  water.  For  increasingly  rougher  surfaces,  this  differ- 
ence would  be  expected  to  decrease.  Differences  in  temperature  graphs 
for  the  lava  and  the  altered  cinder,  which  have  markedly  different  sur- 
face characteristics,  are  also  sho-wn  in  figure  18-21,  Two  features  of 
the  graph  are  noteworthy:  (l)  in  certain  cases,  the  vertically  polar- 
ized apparent  temperature  T^  is  smaller  than  the  horizontally  polar- 
ized T^,  a phenomenon  unexpected  and  unexplained,  except  possibly  by 

a difference  in  radome  loss  between  the  two  polarizations;  (2)  on  all 
channels,  the  differences  in  the  10°  plots  are  approximately  the  same 
for  the  two  materials,  whereas  the  ii5°  plots  show  a noticeable  positive 
departure  for  cinder  when  compared  to  lava.  Hence,  the  cinder  behaves 
more  like  a specular  reflector  than  the  lava. 

While  these  measurements  are  inconclusive  in  defining  a set  of 
roughness-identifying  parameters,  they  have  indicated  that  the  radiom- 
eters are  capable  of  differentiating  between  similar  materials  with 
different  roughness  characteristics. 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  mission  over  the  Mount  Lassen  Test  Site  and  subsequent  data 
analysis  demonstrated  requirements  for  exploring  the  potential  of  multi- 
spectral  microwave  radiometers  for  sensing  geologic  parameters. 

1.  A relatively  simple  test  site  is  preferable  in  studying  the 
effect  of  individual  geologic  parameters  on  the  microwave  signal. 

2.  I&iowledge  of  the  parameters  affecting  the  radiometric  signa- 
ture , ( i.e . , thermal  dlffusity , albedo , surface  roughness , density, 
temperatures,  and  weather  conditions)  are  required  for  analysis  of  the 
data. 

A thorough  understanding  of  the  aircraft  and  sensing^instrument 
limitations  and  capabilities  ^ is  also  required.  Several  operationa,!  lim- 
itations were  observed  which  may  be  of  value  in  future  mission  planning. 


4. 
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1.  The  aircraft  can  fly  more  accurate  tracks  at  night  because  of 
lighting  along  the  flight  line  and  because  lighter  winds  and  calmer  air 
are  usually  encountered  at  night. 

2.  Cloud  buildup  can  greatly  compromise  the  usefulness  of  collected 

3/  • 

3.  An  intermittent  recorder  wow  reduced  the  usefulness  of  approxi- 
mately 25  percent  of  the  radiometer  data.  A method  of  checking  the  re- 
corder in  real  time  for  wow  should  be  valuable. 

Since  the  microwave  data  are  in  terms  of  antenna  temperatures,  com- 
parisons between  channels  can  be  made  on  a relative  basis  only.  Exami- 
nation of  the  data  indicates  that  the  instrument  performance  was  not 
significantly  degraded  from  that  observed  in  the  laboratory.  Results 
showed  the  following; 

1.  There  was  definite  correlation  between  basic  geologic  units  and 
radiometric  temperatures. 

2.  The  longer  wavelength  radiometers  are  capable  of  sensing  sub- 
surface temperatures. 

3.  There  appears  to  be  a correlation  between  layer  thickness  and 
multi spectral  return  for  a layered  area. 

h.  The  roughness  of  two  chemically  similar  areas  is  differentiable 
using  a dual-polarization  radiometer. 


These  qualitative  conclusions  indicate  that  further  efforts  to  de- 
fine quantitative  models  and  obtain  quantitative  results  are  warranted. 

’ i . 

The  experiment  revealed  several  interesting  features  which  warrant 
further  investigation.  A future  mission  and  further  field  studies  are 
recommended  for  the  Mount  Lassen  Test  Site.  Improvements  in  the  experi- 
ment and  the  tools  necessary  to  implement  them  are  outlined  in  the  form 
of  specific  recommendations..  ^ 

In  order  to  examine  the  responses  resulting  from  layering,  discussed 
in  the  section  on  Multi  spectral  Microwave  Results,  ±t:.±s  desirably  to  ob- 
tain geologic  profiles  for  the  layered  areas  and  to  define  a flight  line 
to  fly  over  -the  most  promising  profile.  A small  seismic  thumper  could 
be  utilized : for  obtaining  these  profile^.  Hard-rock  drilling  equipment 
is  needed  to  Obtain  temperatures  at  depth  in  the  basalt  lava.  More 
probes  of  tempeijature  as  a function  of  depth  are  also  required.  ' Auto-^ 
matic  self-contained  recording  units  would  greatly  facilitate  thermal 
temperature  measurements . In  addition , thermal  parameters  of  the  unal- 
tered cinder , the  altered  cinder , and  the  lava  should  be  measured  in  the 
laboratory. 
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Ground-based  radiometers  would  permit  measurement  of  brightness 
temperatures  of  the  lakes  and  other  areas  which  could  be  used  as  cali- 
bration points  for  the  aircraft  radiometers.  They  could  also  be  used 
for  more  detailed  studies  of  interesting  phenomena,  such  as  a surface 
roughness  or  diurnal  temperature  variations. 

Finally,  it  is  recommended  that  flights  be  made  at  lower  altitudes 
and  that  radiometer  integration  times  be  decreased  to  improve  instrument 
resolution. 
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TABLE  18-1.-  SUMMARY  OP  CHEMICAL  ANALYSES  IN  PERCENTAGE 


Chemical 

Lava  flow 

Unaltered  cinder 

Altered  cinder 

SiO^ 

^55.55 

55.25 

53.68 

AI2O3 

15.67 

ll».55 

13.62 

K^O 

1 J-:-Q 

1.48 

1.29 

CaO 

9^64 

9.21 

9.83 

TiO^ 

.79 

00 

0 

.78 

8.21 

8.00 

8.27 

MgO 

'8.22 

8.33 

9.06 

Na^O 

3.12 

3.02 

2.44 

Total 

102.69 

100.64 

98.97 

3* 

Total  iron  as  Fe203* 
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TABLE  I8-II.-  NEUTRON  GAMMA-GAMMA  PROBE  DATA  FROM  ALTERED  CINDER 


Site 


Ridge  top 

Valley  adjacent  to 
exposed  lava 

Level  cinders 

15°  slope 

In  depression 

Dry  streambed 

Base  of  knoll 

35°  slope 


Average 


Wet 

density 

Dry 

density 

Water, 

percent 

1.35 

1.31* 

1.2 

1.05 

1.03 

3.5 

l.lA 

1.11 

2.3 

1.16 

1.14 

2.3 

1.18 

1.16 

1.2 

1,1k 

1.09 

4.2 

.88 

CO 

• 

3.6 

1.10 

1.06 

3.4 

1.13 



1.10 

2.6 

Porosity 


1*7.8 

60.0 

56.6 

55.6 

51.5 

66.9 

58.1* 

58.2 


CaJ.culatlon  based  on  a solid  density  of  2.7 


TABLE  18-III.-  AVERAGE  TEMPERATURE  MEASUREMENTS  FOR 
DAY  AND  NIGHT  FLIGHTS 


Station  (method) 

D^,  °C 

Lava  flows  (IR) 

kk 

Cinder  (IR) 

M 

Butte  Lake  (contact) 

21.5 

Snag  Lake  (contact) 

21 

Twin  Lake  (contact) 

21 

16.5 

10.5 

20.5 
20.5 
20 


TABLE  18-IV.-  BEAM  POSITION  OFFSETS  CAUSED  BY  DRIFT,  FLIGHT  5 


Line 


Polarization 


Look  angle,  deg 


Offset,  D 


IS  indicated  by  "L";  right  Is  indicated  by  "R 


Yaw, 
deg/ sec 
(a) 

Altitude , 
ft  atove 
mean  sea  level 

-0.2  (-0.6,  +1.2) 

9 800  (-80,  +100) 

-0.1  (-1.6,  +2.1) 

9 890  (±60) 

-0.2  (-0.T,  +0.5) 

10  010  (-20,  +10) 

+0.5  (-0.8,  +2.9) 

9 990  (-70,  +90) 

+0.3  (-0.8,  +0.1+) 

9 830  (±0) 

+0.5  (-1.0,  +1.5)  ^ 

9 890  (-10,  +20) 

-0.1  (-1.3,  +0.6) 

9 960  (-40,  +30) 

-O.T  (-1=8,  +1.0) 

9 900  (-20,  +10) 

o.T 

9 880 

-0.4  (-0.3,  +0.4) 

9 810  (-30,  +40) 

-0.2  (-0.5,  +0.3) 

10  000  (-70,  +20) 

0.0  (-0.4,  +0.3) 

9 960  (-70,  +4o) 

-0.3  (-1.5.  +0.5) 

9 940  (-40,  +80) 

0.0  (±0.7) 

10  000  (-20,  +10) 

-0.1  (±0.1) 

9 950  (±50) 

0.0  (-0.7,  +0.5) 

9 900  (-50,  +90) 

TABLE  18-VI.-  RADIOMETER  CALIBRATIONS 


Flight 

Calibrations 

Channel , GHz 

,....,9.3 

15.8 

22.2 

34.0 

5 

Base-line  voltage,  V 

' 1.033 

1.1*39 

1.266 

1.305 

Base-line  deviation,  °K 

8.0 

•2 

3.3 

— ; 

Scale  factor,  °K/V 

260.0 

92. 7 

88.0 

— 

Deviation,  percent 

5.8 

.9 

.5 

— 

6 

Base-line  voltage,  V 

: :l.o68 

t 

1.409 

1.179 

1.277 

Base-line  deviation,  °K 

. 

.3 

3.9 

1.7  ^ 

Scale  factor,  *^K/V 

272.4 

86.1* 

'85.9 

126.7 

Deviation,  percent 

2.2 

i 

.6 

Channel,  GHz 


S'jrface 

Flight,  look  angle 

3U.0 

9.3 

15.8 

Polarization 

E 

(a) 

H 

(b) 

E 

(a) 

H 

(b) 

E 

(a) 

H 

(b) 

E 

(a) 

H 

(b) 

Over  water 

5,  10° 

— 

183.9 

58.0 

5U.O 

193.6 

199.5 

165.2 

163.9 

5,  1*5° 

211.0 

166.5 

85.0 

37.2 

191.0 

22U.7 

192.0 

155.3 

Over  forest 

5,  10° 

— 

279.0 

202.0 

200.0 

286.0 

?89.2 

262.5 

265.0 

6,  10° 

261.5 

266.3 

192.0 

193.0 

275.5 

276.8 

252.0 

252.5 

AT  (day-night) 

— 

12.7 

10.0 

7.0 

10.5 

12.1+ 

10.5 

1^ 

8i 

E-plane  verLical. 
E-plane  horizontal. 
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Figure  l8-8.-  Locations  of  overflight  stations. 


TEMPERATURE 


TIME 

Figure  l8-9.-  DiurnaJ.  heating-cooling 
curves  for  basalt  cinder. 


SCALEi  1 in.  * 650  ft 


Figure  18-10.-  Aircraft  flight  path  and  radiometer 
response  over  cinder  cone,  flight  5* 
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Figure  I8-IU.-  Recorder  calibrations,  mission  55,  flight  6,  9.3-gigahertz  channel. 
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Figure  I8-I5.-  Response  of  3^. 0-gigahertz 
channel  over  flight  line  1. 
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Figure  lo-lT.-  Radiometer  responses  over 
water,  lava,  and  cinder,  flight  6,  di- 
agrammatic representation. 
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Figure  l8-l8.-  Radiometer  responses  over 
water,  lava,  and  cinder,  flight  5,  di- 
agrammatic representation. 
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gui-e  xo-xy.-  naaiome-cer  responses,  cin- 
der over  lava,  flight  6 at  night  (base 
line  on  9.3  gigahertz  adjusted  by  +90°  K) 


Figure  18-20.-  Radiometer  responses  over 
cinder  cone,  base  lines  adjusted. 
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APPENDIX  18A 

MICROWAVE  RADIOMETRIC  SENSING  OF  TERRAIN 


Brightness  Temperature 

In  simplest  terms,  the  microwave  radiometer  is  an  antenna  and 
receiver  combination  that  senses  the  thermal  radiation  from  the  terrain 
it  views.  The  radiation  received,  referred  to  as. the  brightness  tempera 
ture,  is  calibrated  with  respect  to  the  radiation  emitted  by  a blackbody 
at  temperature  T^.  For  a specular  (smooth)  reflector,  T^  is  related 

to  physical  parameters  by  the  relation 


Tt3  = eT  + (l  - e)T 
B P s 


where  T = physical  temperature  of  the  terrain 

ST 

T^  = microwave  temperature  of  the  sky 
e = emmissivity 

1 - e reflectivity  of  the  surface 
Furthermore,  the  reflectivity  is  given  (ref.  l8-l)  by 


. (2  2 

sin  c ^ \Y  - cos  c/ 

/ 2 2 
sin  ^ + \Y  - cos 


r 

V 


2 . ( 2 2 

y sin  X - \y  - cos  U 

2 . f 2 2 

Y sin  ? + \Y  “ cos  C/ 


. . ■ i ; 

where  h - horizontal  polarization 
V = vertical  polarization 


18A-2 


C = grazing  angle 

2 , 

Y = e /VI 

rc/  rc 

= K’  - jK”  = relative  complex  dielectric  constant 
y = relative  complex  permeability  constant 

4^.  L* 

Curves  of  versus  C for  several  different  substances,  frequen 

cies,  and  physical  temperatures  have  been  calculated  by  Marindino 
(ref.  18-2).  Typical  curves  for  sea  water  and  limestone  (and  desert 
sand),  are  shown  in  figures  I8A-I  and  18A-2,  respectively.  The  curves 
start  at  a common  point  at  the  nadir,  diverge  with  increasing  look 
angle  [a  = (90°  - c)]»  and  then  begin  to  converge  as  a approaches  90°, 
where  they  both  sense  sky  temperature.  These  curves  are  for  a specular 
reflector.  For  increasingly  rougher  surfaces,  the  curves  tend  to  con- 
verge. Adequate  models  of  the  surface-roughness  phenomenon  do  not  exist 
at  this  time. 


Penetration  Depth 

Because  the  surface  is  not  a perfect  conductor,  the  radiation 
associated  with  T^  has  subsurface,  as  well  as  surface,  components. 

The  effective  depth  of  the  radiation  is  related  to  the  skin  depth  6 
of  the  material.  This  is  the  depth  of  material  required  to  attenuate 
incoming  radiation  to  l/e  of  its  original  value.  For  the  case  y = I9 
6 is  given  (ref.  18-3)  by 


where  c = speed  of  light 
f = frequency 
£ = dielectric  constant 
; o electrical  conductivity,  a(f) 


18A-3 


Because  of  the  dependence  of  6 on  f , the  effective  depth  of 
radiation  (penetration  depth)  will  increase  with  decreasing  frequency 
( increasing  wavelengths ) , 


Influence  of  Instrument  Parameters  on  Measurement 

In  addition  to  the  complex  relation  of  terrain  parameters  to  bright 
ness  temperature,  microwave  measurements  are  further  complicated  by  the 
influence  of  instrument  parameters.  Tiie  receiver  of  the  radiometer  de- 
tects the  apparent  temperature  at  the  output  port  of  the  antenna. 

The  antenna  has  a beam  pattern  which  receives  radiation  com- 

ponents from  all  directions,  not  only  from  the  direction  of  interest. 

In  addition,  losses  associated  with  both  the  ^tenna  and  the  radome 
attenuate  the  signal  and  add  a reradiation  component  to  it.  Assuming 
no  atmospheric  losses,  is  related  to  T^  by  terrain  component  + 

antenna  reradiation  component  + radome  reradiation  component 


n 


A ItTT  / 'e 


4tt 


B 


ant 


n. 


+ 1“/’ [1-  rijj(e,.f)]Tp(e,<(i)D(0,4,)  dn 


where  r\  = antenna  efficiency  = 1 - £ (dissipative  loss) 

= power  transmission  coefficient  of  radome 
ri 

Tj^  = physical  temper  at  lire  of  radome 
^ant  ” Physical  temperature  of  antenna 


If  the  radome  is  at  a imiform  temperature,  then  the  third  term 

to  , . • ■; 


''aO-  - ^r)^] 
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where  = average  value  of  If  it  is  further  assumed  that 

the  antenna  has  a pencil  beam  pointing  in  direction  (0^,(1)^)  and  has 
no  side  lobes,  T reduces  to 


^ ^ - ^]  '^R 


Inversion  of  this  equation  to  determine  is  straightforward, 

yielding 


T 


A 


- (llAllant  ^ 


R 


where  and  are  laboratory-determined  constants ; T ^ and  T. 


‘R 


ant 


■R 


are  physical  varying  temperatures,  recorded  during  experiment;  and  T 
is  the  calibrated  output  of  the  instrumert. 


A 


Spatial  Resolution 

The  spatial  resolution  of  the  radiometers  is  determined  by  the 
angular  extent  of  the  antenna  beam  (beam  width  0^),  look  angle  a,  and 

Jj 

integration  time  t of  the  radiometer  and  by  ground  speed  V and 

altitude  H of  the  aircraft.  For  a stationary  radiometer  looking  at 
angle  a,  the  beam  projection  will  be  an  oval  with  down  track  length  of 


C^) 


and  across  track  width  of 


d . = H0,^  sec  a 
at  B 
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In  addition  to  1)03111  smearing,  the  radiometer  has  a response 
(integration)  time  t,  which  causes  an  additional  ground  coverage  of 
= VgX  along  track.  Hence,  the  total  resolution  element  has  a 

’’race  track”  shape  with  length 


W.  . = V T + 
dt  s 


H0^  sec^  a 


and  width 


w , = H0_  sec  a 
at  B 


Dimensions  w^^  and  w^^  for  mission  55  are  shown  in  table  18A-I. 


at 


Temperature  Resolution 

The  radiometer  is  limited  in  its  ability  to  detect  changes  in 
antenna  flux  by  inherent  instrument  noise  AT.  The  AT's  for  the 
Convair  2i+0A  MR-62  and  MR— 6^  radiometers  have  been  measured  with 
T = 1 second  in  the  laboratory  and  are  shown  in  table  18A-II. 
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TABLE  18A-I.-  radiometer  RESOLUTION  ELEMENTS  FOR  MISSION  55 

’ ;H  = i+OOO  ft  1 i 

V = 180  knots  = 300  ft/sec 


Elements 


’'at 


’'dt  ^^5°) 


’'at  (^5°) 


Channel,  GHz 

9.3 

15.8 

22.2 

3lt.O 

' 560 

I 

1 

i 

516 

hhk 

! 1 1 

386 

256 

: 

: 

i ; 

212 

i ii+2 

CO 

800 

720 

580 

1+68 

35h 

300 

200 

120 

TABLE  I8A-II.-  THE  AT’s  FOR  MR-62  AND  MR-6U  RADIOMETERS 


i 

Channel,  GHz 

AT  , °K 

rms 

AT  , , 

peak 

(100  samples) 

9.3  L 

1.9 

’ 10.4 

15.8^ 

.31 

1.3 

22.2 

.70 

3.7 

34.0 

.72 

3.4 

LOOK  ANGLE,  deg 


Figure  18A-^2.-'  Radiometric  temperatures  of 
limestone  and  sand  (ref,  l8-2). 
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APPENDIX  18B 

CONVAIR  240A  airborne  RADIOMETRIC  SYSTEM 


System  Description 

A schematic  diagram  of  the  microwave  radiometric  system  aboard  the 
Convair  2i+0A  aircraft  is  shown  in  figure  18B-1.  The  two  dual-channel 
radiometers,  designated  MR-62  and  MR-6U,  operate  at  15.8  and  22.2  giga- 
hertz; and  at  9.3  and  3^.0  gigahertz,  respectively.  They  are  mounted 
in  the  nose  of  the  aircraft  on  a servocontrolled  platform,  which  permits 
a remote  selection  of  looking  angles  from  the  nadir  (0°)  to  ^5°  forward 
of  the  nadir,  with  a read-out  that  is  accurate  to  ±0,5°.  There  is  no 
transverse  scan  capability. 

Two  polarizations , the  E-  and  H-planes,  are  also  remotely  selected. 
The  radiometer  polarizations  corresponding  to  these  designations  are 
shown  in  table  18B-I.  It  should  be  noted  that  the  two  channels  in  the 
J4R-62  radiometer  are  crosspolarized. 


The  radiometers  are  protected  from  the  airstream  by  an  11-layer 
radome,  specially  designed  to  minimize  loss  at  the  four  operating  fre- 
quencies. The  temperature  of  the  radome  is  monitored  at  two  posiltions 
by  thermistors.  In  addition  to  the  radiometer  and  temperature  outputs, 
voice  commentary,  a precision- frequency , binary  scanner,  and  a system- 
annotation  channel  are  simultaneously  recorded  on  a l4- track  analog 
magnetic  tape , recorder.  (A  complete  description  of  the  radiometer  sys- 
tem is  available  on  request  from  the  author.  ) 


Operational  Procedures 


The  radiometers  are  turned  on  approximately  1 hour  prior  to  flight 
time.j  While  they  are  warming  up,  the  radome  is  unbolted,  absorbing 
material  is  placed over  the  antenna  feeds,  and  the  temperature  of  the 
absorber  is  recorded.  A minimum  of  30  minutes  after  turnon,  preflight 
calibration  data  are  recorded  on  the  magnetic  tape  and  strip^chart  re- 


corders . These  data  consist  of  de-levels  from  the  recorder  calibration 
unit,  followed  by  several  minutes  of  radiometer  data  with  the  noise 
sources  periodically  on  and  off.  The  absorber  is  then  removed,  the 
radome  is  secured’,  and  the  flight  is  begun.  The  radiometers  remain  on 
until  the  flight  and  a similar  postflight; calibration  are  completed. 

During  the  flight ,jthe  recorders  are  turned  on  30  to  ^5  seconds 
prior  to  line  start.  Calibrations  are  accomplished  during  this  time. 
Run,  start,  and  stops  are  marked  on  the  data  by  appropriate  use  of  the 
zero  calibration  level . 


Over  the  Moaint  Lassen  Test  Site,  four  runs  were  flown  over  each  line 
in  the  same  direction  at  constant  altitude.  The  angle  and  polarization 
settings  for  the  four  runs  were  10°  E,  10°  H,  45°  E,  and  45°  H.  The 
strip-chart  recording  for  a typical  run  over  the  site  is  shown  in  fig- 
ure 18B-2.  Worthy  of  note  are  the  voltage  calibrations  before  and  after 
the  run,  use  of  ”zero”  levels  to  mark  line  start  and  stop,  and  the  strong 
signals  from  the  lakes  at  the  start  of  the  flight  line.  These  signals 
can  be  used  to  relate  the  data,  in  units  of  time,  to  position  on  the 
ground.  In  the  absence  of  a boresite  camera,  such  use  of  known  features 
for  spatial  orientation  is  essential  for  analyzing  the  data. 


Data  Reduction 

The  recorded  voltage  data  from  the  radiometer  are  converted  to 
antenna  temperature,  as  shown  in  figure  18B-3.  Laboratory  calibrations 
for  the  noise  tube  outputs,  recorder  calibrations,  and  the  preflight  and 
postflight  calibration  data  are  used  to  establish  the  relationship  be- 
tween antenna  temperature  and  voltage  output.  Both  the  recorder  and 
radiometer  are  assumed  to  be  linear.  These  radiometer  calibrations  and 
recorder  calibrations  for  the  run  are  then  used  to  convert  recorder  run 
data  into  antenna  temperatures.  Note  that  the  data  are  in  terms  of 
antenna  temperature  with  no  corrections  for  antenna  patterns  or  system 
losses;  hence,  temperatures  am,ong  channels  cannot  be  compared  on  an 
absolute  basis.  However’,  the  data  can  be  compared  on  a relative  basis. 
Examples  of  the  plotted  and  printed  data  from  flight  6 are  shown  in 
figures  18B-4  and  i8B-5,  respectively. 


TABLE  18B-I.-  RADIOMETER  POLARIZATIONS  CORRESPONDING 

TO  E-  AND  H-PLANES 


! 

Radiometer 

Frequency, 

GHz 

E-plane 

(a) 

H-plane 

(a) 

MR-64 

9.3 

Vertical 

Horizontal 

* 3i+.0 

Horizontal 

MR-62 

i ; 15;8 

Vertical 

Horizontal 

; - 22.2 

Horizontal 

Vertical 

8l  ' 

Vertical  indicates  E parallel  to  thie  plane  of*  motion;  horizontal 
indicates  E perpendicular  to  the  plane  of  motion.  The  plane  of  motion 
is  the  plane  defined  by  the  aircraft  velocity  vector  and  the  antenna 
bore sight  axis. 
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Figure  System  diagram  of  the  Conyair  2hOA  aircraft  microwave  radiometer 
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Figure  18B-4.-  Computer  plot  of  radiometer  data. 
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Figure  18B-5.-  Computer  print-out  of  radiometer  data. 
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APPENDIX  18C 

SURFACE  ROUGHNESS  CLASSIFICATION 


In  the  absence  of  a quantitative  measure  of  surface  variations, 
five  general  categories  of  roughness  are  defined  to  classify  qualita- 
tively the  surface  characteristics  of  the  site. 

Class  I:  Surface  variations  are  smooth  compared  to  a wavelength  A. 

Surface  va,riations  are  less  than  A/8,  and  the  laws  of  a specular  sur- 
face apply. 

Class  II:  Surface  variations  sire  comparable  to  a wavelength.  Res- 

onance phenomena  may  influence  signelture. 

Class  III:  Surface  variations' are  small  compared  to  a resolution 

element  but  large  compared  to  A.  This  may  be  modeled  as  an  ensemble  of 
specular  reflectors  with  a statistical  distribution  of  look  angles. 

Class  IV:  Surface  variations i are  comparable  to  the  ground- 

resolution  element.  These  are  disjfcinguishable  units  that  contribute  to 
the  short-tem  variation  in  radiomteter  signal.  These  units  may  be  missed 
from  flight  to  flight  because  of  fllight-line  position  uncertainties  and 
drift-angle  effects . 1 

Class  V:  Surface  variations  fare  large  with  respect  to  the  resolu-  ' 

tion  elements.  These  "hills  and  valleys"  have, the  effect  of  slowly 
modulating  the  mean  look  angle  of;  the  other  classes  of  roughness  super- 
imposed on  the  site.  The  effects  are  easily  separable. 

It  should  be  noted  that  class  I and  II  surfaces  are  independent  of 
altitude.  The  effect  of  flying  a given  site  at  higher  altitudes  is  to 
convert  class  IV  and  V surfaces  into  class  III  surfaces.  A given  surface 
may  be  the  superposition  of  all  of  these  surfaces. 
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APPLICATION  OF  ULTRAVIOLET  REFLECTANCE 

AND  STIMULATED  LUMINESCENCE  TO  THE 

REMOTE  DETECTION  OF  NATURAL  MATERIALS* 

By  William  R.  Hemphill 
U.S.  Geological  Survey 


ABSTRACT 


Carbonate  rocks  and  evaporite  deposits  commonly  exhibit  relatively 
high  reflectance  in  the  ultraviolet  region  (<3600  angstroms),  and  some 
outcrops  of  these  materials  are  selectively  shown  onultraviolet  imagery. 
Other  materials  which  are  commonly  strongly  imaged  on  ultraviolet  imagery 
and  photography  include  water,  snow,  concrete,  and  metallic  objects, 
particularly  aluminimi. 

Outdoor  tests  of  an  active  ultraviolet  imaging  system  have  demon- 
strated the  feasibility  of  imaging  ultraviolet-stimulated  luminescence 
of  such  minerals  as  talc,  dolomite,  and  deweylite  along  quarry  faces 
from  distances  of  several  hundred  feet.  The  system  features  a cathode- 
ray-tube  transmitter,  an  image-dissector  receiver,  and  a video  monitor 
on  which  the  distribution  of  luminescent  material  is  imaged  as  the  out- 
crop is  scanned. 

A pulsed  ultraviolet  laser  emitting  at  3371  angstroms  has  been  used 
successfully  in  the  laboratory  to  stimulate  phosphorescence  of  selected 
rock  and  mineral  specimens  and  to  discriminate  between  them  on  the  basis 
of  decay  time,  which  ranges  from  less  than  3 to  more  than  10  microsec- 
onds. Initial  results  suggest  that  sodic  feldspars  have  longer  decay 
periods  than  calcic  feldspars.  Some  granites  also  appear  to  have  decay 
periods  significantly  different  from  other  types  of  granite  in  the same 
locality. 


Outdoor  tests  with  a high-resblution  grating  spectrometer  were  suc- 
cessful in  detecting  luminescent  materials  by  means  of  the  so-called 


Presented  at  the  1968  American  Society  of  Photogrammetry  Conven- 
tion, March  11-15,  Hilton  Hotel,  Washington,  D.C. , Session  B,  Application 
of  Remote  Sensing.  ^ 


"Fraunhofer  line-depth  method."  This  method  is  advantageous  because  it 
uses  the  sun  as  an  ultraviolet  source  and  therefore  is  independent  of 
low-powered  artificial  sources  such  as  cathode-ray  tubes,  lasers,  and 
mercury- vapor  lamps.  A Fraunhofer  line-discriminator  suitable  for  air- 
craft operation  has  been  constructed,  and  initial  on-the-ground  tests 
are  being  performed  on  Rhodamine  WT,  a luminescent  dye  used  by  hydrolo- 
gists and  oceanographers  in  studies  of  current  dynamics  in  streams  and 
estuaries. 


INTRODUCTION 


The  U.S.  Geological  Survey  and  NASA  are  jointly  sponsoring  a pro- 
gram aimed  at  determining  the  application  of  the  ultraviolet  spectrixm 
in  discriminating  natural  materials.  The  U.S.  Geological  Survey  is 
interested  in  the  terrestrial  applications  of  detecting  and  mapping 
selected  rocks  and  other  materials , in  both  surface  and  airborne  studies 
and  from  orbital  altitudes.  NASA  is  interested  in  similar  applications 
for  study  of  the  earth  and  moon,  as  well  as  other  planetary  bodies./ 

This  paper  discusses  the  program  in  terms  of  the  two  properties  to 
be  detected  and  measured.  These  properties  are  ultraviolet  reflectance 
and  ultraviolet-stimulated  luminescence. 


ULTRAVIOLET  REFLECTANCE 


Laboratory  Studies 

Most  materials  show  a gradual  reduction  in  spectral  reflectance 
with  reduction  in  wavelength  from  the  visible  into  the  ultraviolet 
region.  Exceptions  to  this  generalization  include  snow,  concrete,  alu- 
minum, and  certain  other  materials  which  strongly  reflect  ultraviolet 
energy. 

Spectral  reflectance  of  more  than  a hundred  rock  specimens  and  com- 
mon rock-fOrming  minerals  have  been  measured  in  the  laboratory  (refs.  19-1 
to  19-3),  and  figure  19“1  typifies  the  spectral-distribution  patterns  of 
most  of  them.  Carbonates,  evaporites , and  some  phosphate  rocks  commonly 
show  comparatively  high  reflectance  values  In  both  the  ultraviolet  and 
the  visible  regions ; this  response  is  exemplified  by  the  curve  for  the 
limestone  specimen.  Acidic  rocks  also  tend  to  have  high  reflectance 
values  in  the  visible  region  and  low  values  in  the  ultraviolet  region, 
as,  for  example,  the  granite  specimen  shown  in  figure  19-1.  Basic  rocks 
such  as  the  basalt  specimen  seen  in  figure  19-1  commonly  show  low  reflec- 
tances which  are  nearly  the  same  in  both  the  visible  and  ultraviolet 


regions.  A few  materials  such  as  the  monzonite  in  figure  19-1  and 
asphalt  show  more  reflectance  in  the  ultraviolet  region  than  in  the 
visible  region,  hut  these  are  exceptions.  Also,  although  a higher  ultra- 
violet response  is  fairly  common  for  asphalt,  it  is  not  necessarily 
typical  for  monzonite  and  intermediate  rocks. 

The  limestone  and  granite  specimens,  with  reflectances  on  the  order 
of  35  to  Uo  percent  in  the  visible  region,  would  appear  on  a photograph 
at  nearly  the  same  density  or  grayness,  and  only  slightly  brighter  than 
the  rhyolite  with  a reflectance  of  25  to  30  percent.  At  best,  image 
brightness  in  the  visible  region  for  these  three  specimens  would  tend  to 
be  similar. 

At  2500  angstroms  in  the  ultraviolet  region,  less  energy  is  reflect- 
ed by  the  limestone,  granite,  and  rhyolite  specimens.  However , limestone 
shows  more  than  2-1/2  times  the  reflectance  of  the  granite  and 'more 
than  10  times  the  reflectance  of  the  rhyolite.  Despite  the  fact  that 
there  is  less  total  energy,  image  contrast  would  be  greater  in  this  part 
of  the  ultraviolet  region  than  at  longer  wavelengths.  This  possibility 
of  achieving  greater  contrast  for  some  materials  is  the  single  most 
important  advantage  of  imaging  in  the  ultraviolet  region. 

In  lunar  orbit , the  contrast  property  can  be  exploited  to  the  utmost 
by  imaging  in  the  2500-angstrom  band  where  contrast  is  at  maximum#  How- 
ever, earth  applications  are  more; limited  because  nearly  all  ultraviolet 
energy  shorter  than  3000  angstroms  is  absorbed  by  ozone  and  oxygen  in 
the  atmosphere  and  does  not  reach  the  surface  of  the  earth.  At  longer 
wavelengths,  ultraviolet  energy  is  extremely  scattered.  Nevertheless, 
the  3000-  to  3500-angstrom  band  is  particularly  interesting  because  this 
is  where  abrupt  changes  in  spectral  reflectance  begin  to  occur. 


Ultraviolet  Photography  and  Imagery 

To  date,  two  systems  have  been  used  to  acquire  ultraviolet  imagery. 
One  is  a 35-millimeter  photographic  system,  and  the  other  is  a line- 
scanner  similar  to  that  used  for  infrared  (IR)  imaging,  except  that  an 
ultraviolet-sensitive  photomultiplier  has  been  substituted  for  the  cooled 
IR  detector.  - 


Several  instrumentation  problems  plague  operations  in  the  near- 
ultraviolet  region.  Most  ever e is  the  fact  that  all  filters  transmit- 
ting near-ultraviolet  light  also  leak  light  in  the  red  and  near-IR  ' 
regions  where  photomult ix^lier?  retain  marginal  sensitivity. 


Red  leakage  of  filters  is  shown  in  the  extreme  right-hand  part  of 
figure  19-"2.  The  response  c\irve  of  the  S-13  photocathode  commonly  used 
in  the  ultraviolet  photomultiplier  also  extends  into  this  area.  Many 


early  attempts  to  image  in  the  ultraviolet,  using  line  scanners,  resulted 
inadvertently  in  red  or  IR  imagery.  This  red  leakage  can  be  reduced  to 
tolerable  levels,  but  at  the  sacrifice  of  the  spatial  resolution. 

A neat  way  of  avoiding  this  filter  leakage  problem  is  to  use  a 
camera  with  a special  ultraviolet  film  that  has  a longwave  limit  of  about 
5500  angstroms.  However,  conventional  camera  lenses  have  little  or  no 
transmittance  in  the  3000-  to  3500-angstrom  band  of  interest.  There  are 
ultraviolet-transmitting  lens  elements  composed  of  quartz  and  lithium 
fluoride  available,  but  they  are  expensive.  Also,  a lens-film  system 
generally  has  a slower  response  time  than  a photomultiplier. 

Another  disadvantage  of  the  camera  approach  is  that  rays  striking 
an  interference  filter  at  angles  of  more  than  5°  to  10°  off  the  axis 
are  tuned  to  wavelengths  longer  than  the  center  frequency  of  the  filter. 
This  precludes  the  use  of  wide-angle  lenses  in  an  ultraviolet  camera 
system.  Still  another  disadvantage-  is  the  fact  that  surface  texture  of 
some  components  in  the  ultraviolet  filter  stack  approaches  the  center 
wavelength  of  the  filter  pass  band;  consequently,  a significant  amount 
of  energy  in  the  filter  pass  band  is  scattered  by  the  filter,  reducing 
photographic  contrast  and  resolution.  Thus,  although  an  ultraviolet 
camera  and  a selected  film  neatly  avoids  the  problem  of  red  leakage  of 
ultraviolet  filters , there  are  other  disadvantages  that'  must  be  weighed 
against  a photomultiplier  line-scan  system*  To  date,  the  most  success- 
ful results  have  been  achieved  with  the  line-scan  system  from  altitudes 
of  less  than  6OOO  feet  above  terrain. 


Figure  19-3  shows  imagery  taken  by  the  University  of  Michigan  over 
the  Paoha  Island,  Mono  Lake,  California.;  The  scanner  is  an  elaborate 
device  of  I8  channels,  12  of  which  are  time  coincident.  Of  the  I8  chan- 
nels, three  are  shown  in  the  figure;  ultraviolet  is  on  the  left,  lim- 
ited to  wavelengths  shorter  than  3750  angstroms.^.  Blue  is  in  the  middle, 
and  red  is  on  the  right.  The  spectral  range  for  all  I8  channels  is  from 
3000  angstroms  to  l4  micrometers.  -- 

All  channels  are  tape  recorded  and  have  the  same  format  . This  per- 
mits playback  and. print-out  of  the  tape  in  the  laboratory.  Those  bands 
which  are  time  coincident  can  be  integrated  electronically  in  various 
combinations.  Image-density  data  can  be  stored  and  collated  by  means  of 
a computer. 

The  imagery  in  figure  19-3  was  taken  at  an  altitude  of  about 
5000  feet  above  terrain.  Evaporite  deposits  (at  area  arin  the  figure) 
appear  with  marked  contrast  on  the  ultraviolet  band,'  but  are  less  appar- 
ent in  the  blue  and  red  bands*  However , other  materials,  for  example, 
basalt  lava  flows  (at  area  c in  the  figure)  on  the  north  end  of  the 
island  appear  more  clearly  in  the  blue  or  red  bands . Each  band  contrib- 
utes, its  own  unique  spectral  contrast.  The  most  significant  application 
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of  the  ultraviolet  reflectance  appears  to  he  in  a truly  multi spectral 
approach  in  which  several  hands  in  the  ultraviolet visible,  and  IR 
regions  are  used  simiiltaneously  to  discriminate  natural  materials. 

An  instrument  that  produces  l8  channels  of  imagery  simultaneously 
puts  a user  in  the  dangerous  position  of  being  overwhelmed  with  data. 

At  best,  attempting  to  collate  12  or  l8  channels  of  imagery  by  simple 
inspection  and  channel-to- channel  comparison  is  inefficient  and  generally 
ineffective.  ■ 

Figure  19-^  also  shows  Paoha  Island.  For  comparison,  one  of  the 
film  print-outs  is  shown  on  the  right  in  the  figure.  On  the  left  is  a 
composite  made  from  three  channels  in  the  blue,  red,  and  near-IR  regions, 
The  ultraviolet  region  could  not  be  included  because  it  is  not  a part 
of  the  12-channel  spectrometer  and  therefore  is  not  time  coincident. 

This  composite  of  three  channels  was  made’with  the  aid  of  Purdue  Univer- 
sity's IBM  360-44  computer.  Using  a program  designed  to  use  data  from 
Michigan's  12-channel  imaging  spectrometer.  This  program  involves  deter- 
mining the  probability  description  of  two  or  more  classes  (for  example, 
rock  types ) in  two  or  more  channels.  Each  data  point  in  the  imagery  is 
then  analyzed  and  classified  on  the  basis  of  its  similarity  or  nonsimi- 
larity  to  previously  determined  probability  descriptions.  Automatic  i 

data  processing  as ^applied  to  the  classification  of  agricultural  crops 
is  reported  by  Landgrebe  (ref.  19-4)  and  Purdue  University  (ref.  19-5). 

The  computer  output  shown  in  figure  19-4  is  actually  a two- 
dimensional  plot  on  which  different  materials  are  symbolized  by  different 
letters.  ' Uater  Is  denoted  by  an  "I,"  basalt  by  a "B,"  rhyolite  by  an  ”R,'* 
and  lake  and  surficial  deposits  by  blank  space.  The  false-alarm  rate 
for  rhyolite  is  probably  quite  large  in  the  northern  part  of  the  island. 
The  basalt  at  the  north  end  of  the  Paoha  Island  and  the  adjacent  island 
is  surprisingly  accurate,  however,  as  are  the  surficial  deposits  and 
water.  The  area  shown  in  the  figure  covers  about  1 square  mile ground 
distance  of  the  entire  computer  print-out  is  more  than  12  miles ^ and  it 
was  produced  in  less  than  2 minutes . - 

Neither  the  ultraviolet  region  nor  the  IR  region  is  time  coincident, 
but  it  is  believed  that  the  example  shown  in  figure  19-4  illustrates  a 
technique^  of  data  handling  which  is  promising.  These  are  very  crude 
attempts;  more  sophisticated  computer  programs  hopefully  will 'be  even 
more  effective  in  discriminating  between  materials , particularly  with 
the  addition  of  ultraviolet  ( <3500  angstroms ) and  IR  (8  to  l4  micrometers ) 
channels . 


ULTRAVIOLET-STIMULATED  LUMINESCENCE 


The  other  property  that  we  propose  to  detect  and  to  measure  is 
luminescence;  that  is,  the  property  of  some  materials  to  emit  energy 
at  longer  wavelengths  when  illuminated  by  ultraviolet  light. 

Ultraviolet-stimulated  luminescence  is  a property  that  has  been 
used  for  a number  of  years  in  detecting  and  discriminating  between  some 
natural  materials.  Small  hand-carried  ultraviolet  lamps  have  been  used 
in  the  exploration  for  luminescing  minerals.  However,  these  portable 
ultraviolet  sources  are  low  powered  and  are  rarely  effective  more  than  a 
few  feet  from  the  outcrop. 


Ultraviolet  Imaging  System 

The  ultraviolet  imaging  system  shown  in  figure  19-5  vas  designed 
originally  for  a military  application,  but  was  later  modified  by  West- 
inghouse  Aerospace  Division  for  use  by  the  U.S.  Geological  Survey 
(ref.  19-6).  Basic  components  of  this  system  include  an  ultraviolet 
transmitter  and  an  image-dissector  receiver. 

The  transmitter  consists  of  a cathode-ray  tube  with  an  ultraviolet 
phosphor  and  a raster  scan.  Electron  bombardment  of  the  phosphor  stimu- 
lates an  ultraviolet  emission  peaking  at  3700  angstroms.  This  radiation 
is  projected  by  means  of  the  optics  and  instantaneously  illuminates  a 
spot  in  the  subject  field.  The  raster  scan  enables  the  ultraviolet 
transmitter  to  sequentially  illuminate  all  elements  in  the;  target  field. 

The  receiver  consists  of  an  image  dissector  sensitivei  to  visible 
light.  This  device  provides  a scannable  aperture  slightly  larger  than 
the  transmitter  flying  spot  and  synchronized  with  the  transmitter  beam. 
The  small  instantaneous  spot  size  or  field  of  view  of  both  the  trans- 
mitter and  receiver  reduces  the  amount  of  ultraviolet  back  scatter 
normally  encountered  in  floodlight  ultraviolet  systems,  thereby  extend- 
ing useful  range  and  improving  contrasi^^^^^o^^^^^^^^^^^  features  (ref.  19-T). 

Figure  19-6  shows  the  components  of  the  system  — ^ the  transmitter 
A and  the  receiver  B,  both  of  which  are  directed  toward  the  subjectj  in 
the  background.  The  receiver  output  is  connected  to  an  oscilloscope  0 
and  television  monitor  D for  simultaneous  measurement  and  observation 
of  the  intensity  of  luminescence  in  the  visible ^ region  of  the  spectrum. 

The  U.S.  Geological  Survey  originally  became  interested  in  this  i 
imaging  system  to  evaluate  its  application  in  the  exploration  for  mate- 
rials such  as  scheelite,  phosphate , and  other  materials  which  are  known 
to  luminesce  in  some  localities.  It  was  also  hoped  that  by  using  the 
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device  in  a pulsed  modej  the  decay  time  of  phosphorescent  materials 
could  he  measured,  hut  preliminary  tests  in  the  laboratory  showed  that 
design  limitations  of  the  prototype  instrument  precluded  measurement  of 
decay  time. 

The  instrument  was  used  successfully,  however,  to  image  luminescing 
materials  in  outcrops  and  along  quarry  faces  from  distances  as  great  as 
200  feet  in  the  Baltimore,  Maryland,  area.  The  transmitter-receiver  was 
transported  in  a small  delivery  truck  and  positioned  in  such  a way  that 
it  could  he  directed  toward  the  rock  exposure  to  he  imaged.  The  tests 
were  conducted  at  night  in  order  to  avoid  solar  illumination. 

Figure  19-7  is  a photograph  of  the  television  monitor.  The  three 
bright  areas  in  the  upper  half  of  the  figure  are  the  result  of  the 
luminescence  of  deweylite,  a mineral  of  the  serpentine  group  which  crops 
out  along  a fracture  set  in  a quarry  near  Baltimore.  Other  bright  spots 
in  the  image  are  mere3.y  electronic  noise  in  the  system.  The  distance 
between  the  imaging  system  and  the  quarry  face  is  6k  feet;  the  distance 
represented  across  figure  19-7  is  about  20  feet.  For  comparison,  fig- 
ure 19-8  shows  the  same  area  photographed  during  daylight  with  a camera. 
Although  the  photograph  is  rather  nondescript,  the  television  image 
indicates  luminescing  areas  that  could  be  of  interest  to  the  geologist. 
Discrimination  of  deweylite  and  several  other  minerals  with  an 
ultraviolet-imaging  system  is  little  more  than  a scientific  curiosity; 
however,  the  study  does  serve  to  demonstrate  the  technique. 

A possible  application  of  an  ultraviolet -imaging  system  concerns 
the  discrimination  of  limestone  along  inaccessible  faces  in  quarries  in 
central  Indiana  (ref.^  19-2).  Spectral  measurements  in  the  laboratory 
show  that  peak  excitation  for  most  of  the  limestones  is  in  the  2600-  to 
2800-angstrom  region,  a part  of  the  ultraviolet  region  which  does  not 
receive  solar  illumination.  The  spectral  meas'urements  also  show  that 
these  limestones  differ  in  their  luminescence  intensities  and  that  some 
of  these  differences  could  be  used  to  distinguish  varying  grades  of 
quarriable  limestone,  if  a suitable  field  device  were  available.  This 
work  was  done  as  a cooperative  effort  by  the  U.S.  Geological  Survey  and 
the  Geological  Survey  of  Indiana. 


Ultraviolet  Laser 

In  1966,  Avco- Everett  laboratories  in  Boston  perfected  a nitrogen- 
gas  laser  emitting  at  3371  angstroms  in  the  ultraviolet  region.  The 
laser,  shown  in  figure  19-9 > can  only  be  operated  in  the  pulsed  mode, 
but  this  feature  is  considered  to  be  ideal  for  the  type  of  source  that 
is  required  to  measure  luminescence-decay  timei  Pulse  rate  can  be  as 
fast  as  100  pulses  per  second  and  output  power  is  extremely  high,  as 
much  as  200  kilowatts. 
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Recently,  75  samples  of  selected  rocks  and  rock- forming  minerals 
wero  illuminated  with  3371-angstrom  light,  using  the  Avco  laser  and  an 
S-11  photomultiplier  arranged  in  the  simple  configuration  shown  in 
figure  19-10.  Filters  effectively  block  all  \iltraviolet  light  reflected 
from  the  sample  so  that  the  photomultiplier  sees  only  the  time-dependent 
emission  in  the  visible  region.  Some  early  results  of  the  work  are 
encouraging. 

Figure  19-11  shows  the  oscilloscope  traces  for  a suite  of  five  feld- 
spars. In  each  trace,  the  laser  pulse  is  followed  by  a relatively  high 
fluorescence  peak  on  the  left  and  then  a gradual  decay  or  decrease  in 
intensity  toward  the  right.  Pea.ks  displayed  on  the  decay  curves  are 
caused  by  ringing  in  the  output  signal,  which  is  caused  by  the  photo- 
multiplier responding  to  the  high-voltage  discharge  of  the  laser  power 
supply.  Horizontal  sweep  is  one-half  microsecond  per  square.  Thus, 
decay  time  ranges  from  less  than  2 microseconds  for  bytownite  to  more  \ 
than  5 microseconds  for  oligoclase.  Of  feldspar  specimens  measured  to 
date,  decay  time  tends  to  be  the  longest  for  sodic  feldspars  — on  the 
order  of  5 to  10  microseconds.  Similar  work  suggests  that  measurement 
of  decay  time  of  laser-stimulated  luminescence  may  be  useful  in  distin- 
guishing between  some  granites  of  different  mineralogic  composition  and 
between  oils  which  are  secreted  by  schools  of  some  commercial  fish  and 
which  may  form  a thin  layer  on  the  surface  of  the  water. 


Fraunhofer  Line-Depth  Method 

Both  the  ultraviolet- imaging  system  and  the  pulsedplaser  sources 
are  significant  improvements  over  the  portable  mercury-vapor  lamps  of 
10  to  20  years  ago.  However,  compared  to  the  sun^  both  these  systems 
are  low  powered  and  rarely  would  be  effective  more  than  a few  hundred 
feet  from  the  outcrop.  Also,  it  is  imperative  that  the  work  be  done 
at  night  in  order  to  avoid  obscuring  the  luminescence  by  daytime  solar 
background . 


During  the  1950 ’s,  the  Russian  astronomer  Kozyrev  (ref.  19-8) 
detected  luminescence  on  the  lunar  surface  by  means  of  an  earth-based 
spectrometer  and  a method  that  has  since  become  known  as  the  ’’Fraunhofer 
line— depth  method”  or  ’’method  of  line  depths.”  This  method  involves 
observing  a selected  Fraunhofer  line  reflected  from  the  lunar  surface, 
measuring  the  ratio  of  the  central  intensity  to  the  continuum,  and  com- 
paring this  ratio  with  its  conjugate  observed  in  the  solar  spectrum 
directly.  Diagram  1 in  figure  19-12  is  an  idealized  Fraunhofer  line: to 
the  solar  spectrum,  wherein  the  central  intensity  or  minimim  iB  consti- 
tutes a narrow  region  less  than  1 angstrom  wide  where  solar  emission  is 
absorbed  or  occluded  by  gases  in  the  solar  atmosphere.  Typically,  the 
central  intensity  B is  10  to  20  percent  of  the  continuum  A.  Thus , 
Kozyrev  looked  at  the  sun,  scanned  across  the  Fraunhofer  line  in  question, 
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and  obtained  a profile  and  a B/A  ratio,  ’that  is,  an  R such  as  is 

— — ”S 

shown  in  diagram  1 in  figure  19-12.  Then,  Kozyrev  looked  at  a small 

area  on  the  moon,  scanned  the  same  spectrimi,  and  obtained  R shown  in 

— m 

diagram  2 in  figure  19-12.  If  there  is  no  luminescence,  both  ratios  will 
be  equal.  If  there  is  luminescence,  as  shown  in  diagram  3 of  fig- 
ure 19-12,  then  both  the  central  intensity  and  the  continuum  will  be 
increased  an  equal  amount  as  shown  in  diagram  4 of  figure  19-12.  How- 
ever, the  ratio  R^  will  then  exceed  R^  by  an  amount  proportional  to 

the  amount  of  limiinescence. 

This  line-depth  method  is  amazing  in  its  simplicity  and  in  the  past 
10  years  has  been  used  successfully  by  a number  of  astronomers  to  detect 
luminescence  in  specific  areas  on  the  lunar  surface  (refs.  19r8  to  19-l4); 

About  2 years  ago,  in  cooperation  with  the  IIT  Research  Institute, 
Chicago,  Illinois,  outdoor  tests  of  the  Fraunhofer  line-depth  method  were 
performed  on  hand  specimens  of  colemanite,  phosphate,  and  calcite,  using 
an  Bbert  grating  spectrometer  and  using  the  sun  as-  a source.  The  tests | 
were  successful  and  demonstrated  the  feasibility  of  detecting  ultrayiolet- 
stimulated  luminescence  of  natural  materials  during  the  day  against  a 
high  solar  background.  These  tests  also  pointed  out  that  the  crude 
instrumentation  that  was  used  was  inadequate  outside  the  lab.,-  For 
example,  rapid  fluctuations  of  the  solar  ultraviolet  flux,  probably 
caused  by  pollutants  in  the  atmosphere,  commonly  exceeded  the  scan  rate 
of  the  grating  spectrometer.  It  was  obvious  that  instrumentation  with 
a faster  response  would  be  required.  Additional  basic  design  require- 
ments of  a more  elaborate  instrument  are  described  by  Hemphill 
(ref.  19-15). 

Early  in  I968,  the  Perkin- Elmer  Corporation  completed  design  and 
construction  of  a prototype  Fraunhofer  line  discriminator  that] will  be 
adequate  for  trial  field  use,  perhaps  from  an  aircraft.  Figure  19-13 
is  a schematic  showing  the  optical  unit  of  this  line  discriminator.  The 
instrument  has  two  entrance  apertures.  One  is  directed  upward  toward  . 
the  skylight  and  sunlight  and  the  other,  with  a 1°  field  of  view,  is 
directed  downward  toward  the  ground. 

The  key  components  of  the  Perkin-EImer  design  are  two  glass-spacer 
Fabry-Perot  filters  with  half-widths  of  less  than  1 angstromlaud  a.  peak 
transmission  of  more  than  -50  percent.  This  extremely  narrow  bandwidth,  i 
and  high  peak  transmission  represents  a state-of-the-art  advance  in 
filter  fabrication.  The  center  wavelength  .of  the  filters  may  be  tuned 
by  a precision  thermostatic  control. 

In  the  configuration  shown  in  figure  19-13,  one  filter  is  tuned  to 
the  central- intensity  of  the  Fraunhofer  line ^ and  the  other  filter  is 
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tuned  to  a convenient  point  on  the  continuum  adjacent  to  the  line.  Low- 
noise  photomultipliers  are  located  behind  each  filter.  A system  of 
lenses,  beamsplitters,  and  choppers  permits  the  instrument  to  ’’look" 
alternately  downward  at  the  ground  and  upward  toward  the  sky,  and  to 
monitor  the  ratio  of  the  central  intensity  to  the  continuum  in  each  look. 
An  analog  computer  compares  the  ratio  in  the  solar  look  and  ground  look 
and  converts  any  difference  that  may  be  present  into  a signal  that  is 
proportional  to  the  amount  of  limiinescence  in  the  ground  target . This 
signal  is  plotted  as  a function  of  time  on  a strip-chart  recorder. 

Figure  19-l4  shows  the  completed  prototype  line  discriminator. 

This  prototype  instrument  is  designed  to  detect  Rhodamine  dye  in  con- 
centrations of  20  parts  per  billion  or  less. 

Luminescent  dyes  such  as  Rhodamine  WT  are  used  by  hydrologists  and 
Oceanographers  to  monitor  current  dynamics  in  rivers  and  estuaries.  The 
reason  for  selecting  Rhodamine  dye  as  a design  target  for  this  first 
prototype  instrument  is  one  of  convenience  (ref.  19-15) • First,  Rhodamine 
dye  is  readily  available  and  lends  itself  ideally  to  quantitative  test- 
"ing  of  the  instrument.  Second,  conventional  dye  monitoring  methods  are 
extremely  laborious  and  awkward;  it  is  believed  that  if  this  airborne 
semiautomated  method  were  successful,  the  method  would  be  of  immediate 
practical  benefit  in  dye  studies  (ref.  19-l6). 

Figure  19-15  shows  the  excitation  and  emission  spectra  of  Rhodamine 
dye.  Peak  excitation  occurs  near  5400  angstroms,  and  peak  emission  is 
near  5800  angstroms.  Accordingly,  the  prototype  instrument  is  filtered 
to  look  at  the  nearby  sodium  Fraunhofer  line  at  5890  angstroms. 

Following  completion  of  initial  tests  on  Rhodamine  WT,  it  is  tenta- 
tively planned  to  modify  the  instrument  to  operate  at  shorter  wavelengths , 
specifically  the  calcium  Fraunhofer  line  at  3868  angstroms  in  the  ultra- 
violet region  where  a variety  of  materials  are  known  to  luminesce,  notably 
oil  slicks,  detergents,  and  other  water  pollutants , as  well  as  some  phos- 
phate rocks  and  other  minerals.  The  potential  role  of  the  instrument 
appears  to  be  especially  promising  in  water-pollution  studies , although 
it  is  realized  that  the  emission  spectra  of  materials  may  vary  widely 
with  locality  and  occurrence.  Because  of  this  and  other  factors , specif- 
ic applications  of  the  technique  are  difficult  to  predict  at  this  time. 

SUMMARY 


Work  to  date  shows  that  some  materials  exhibit  more  contrast  when 
imaged  in  the  ultraviolet  region  than  at  longer  wavelengths  . Tlie  Univer- 
sity of  Michigan’s  l8-channel  imaging  speetrometer  is  a promising  re- 
search tool  because  its  spectral  range  extends  from  the  ultraviolet 


region  to  the  far—IR  region.  Output  is  tape  recorded  and  can  he  computer 
processed. 

Active  ultraviolet  systems  permit  both  imaging  of  luminescing  mate- 
rials and  measurement  of  luminescing  decay  time. 

The  Fraunhofer  line-depth  method  is  the  only  technique  that  permits 
detection  of  luminescence  during  daylight  against  a high  solar  background, 
and  shows  great  promise  particularly  in  water-resource  and  water-pollution 
studies. 
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Figure  19-3.-  Multiband  imagery  acquired  with 
the  University  of  Michigan's  l8-channel 
scanner  over  Paoha  Island,  Mono  Lake, 
California. 
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Figure  19-5.-  Diagram  showing  operational  com- 
ponents of  an  active  ultraviolet  imaging 
system. 


Figure  19-6.-  Photograph  showing  ultraviolet 
imaging  system  set  up  in  laboratory.  Trans- 
mitter, A;  receiver,  B;  oscilloscope,  C; 
and  video  monitor,  D. 


Figure  19-T.-  Video  monitor  image  indicating 
luminescence  of  deweylite  in  a quarry  near 
Baltimore.  Distance  from  the  transmitter 
to  the  quarry  face  is  6k  feet. 


Figure  19-8.-  Conventional  photograph  of 
same  area  shown  in  figure  19-T. 
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Figure  19-9.-  Ultraviolet  laser.  (Courte- 
sy of  the  Avco-Everett  Research  Labora- 
tory. ) 
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Figure  19-10.-  Diagram  showing  position 
> ‘ of  laser,  sample,  and  photomultiplier 

< detector  for  measurement  of  lumines- 

cent decay  time. 
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Figure  19-12.-  Diagrams  illustrat 
ing  the  Fraunhofer  line-depth 
method . 
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Figure  19-13.-  Schematic  showing  de- 
sign of  the  optical  unit  of  the  line 
discriminator  prototype.  (Courtesy 
of  the  Perkin-Elmer  Corp . ) 


a.  Optical  unit 


11' -l4.-  Prototype  line  discriminator 
showing  the  optical  unit  etrid  the  control 
console.  (Courtesy  of  the  Perkin-Elmer 


b.  Control  console 
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gure  19-15.-  Excitation  and  emiss 
tra  of  Rhodamine  dye.  (After  spe^ 
orometric  analyses  furnished  by  G 
Associates,  Palo  Alto,  California 


RADAR  PROGRESS  IN  THE  NASA  EARTH  RESOURCES 
AIRCRAFT  PROGRAM 
By  R.  K.  Moore 

Center  for  Research  in  Engineering  Science 
University  of  Kansas 

INTRODUCTION 


Much  progress  has  been  made  in  the  application  of  radar  to  the 
earth  sciences  in  the  4 years  since  what  is  now  the  NASA  Earth  Resources 
Aircraft  Program,  began.  In  1964,  the  word  scatterometer  had  not  been 
invented.  Although  the  scatterometer  had  been  proposed  for  sea-state 
measurement,  the  available  data  were  much  poorer  than  those  obtained  to 
date  in  the  NASA  Program.  Use  of  a scatterometer  to  measure  parameters 
of  the  land  had  never  been  attempted.  Today,  enough  measurements  have 
been  made  to  show  that  scatterometry  caii  be  a useful  tool  for  land 
geoscience,  at  least  from  aircraft.  In  1964,  very  few  studies  had  been 
conducted  (nearly  a.ll  by  the  U.S.  Army)  on  the  use  of  Imaging  radar  for 
earth-resources-type  applications.  In  1968,  some  geologic  uses  of  ra- 
dar have  been  proved  and  many  others  are  indicated.  Preliminary  evi- 
dence is  at  hand  that  radar  will  be  useful  in  discriminating  both 
cultivated  and  natural  vegetation.  Land-use  studies  have  been  conducted 
by  using  radar  on  at  least  a preliminary  experimental  basis.  At  least 
one  hydrologic  application  of  radar , determining  drainage  basin  param- 
eters , has  been  shown  to  be  promising.  In  1964,  multipolarization  radar 
imagery  had  never  been  tested  for  earth  resources  application  and  seldom 
for  any  other  purpose.  In  1968,  the  value  of  multiple-polarization 
images  has  been  clearly  indicated  by  numerous  axperiments . In  1964, 
polychromatic  radar  had  been  postulated,  but  no  polychromatic  image  stud- 
ies had  been  made.  In  1968,  a beginning  test  at  Pisgah  Grater  has  been 
completed,  and  the  potentially  great  value  of  multiple  frequencies  has 
been  indicated,  at  least  for  that  environment. 

The  NASA  Earth  Resources  Aircraft  Program  and  its  predecessors  have 
contributed,  we  believe,  more  to  the  peaceftil  uses  of  radar  mapping 
(imaging)  systems  than  all  previous  efforts.  In  1964,  the  application 
of  radar  to  earth  resources  was  speculation.  In  1968,  although  most 
s-PPlications  need  to  be  really  proved,  enough  experiments  have  been  con- 
ducted to  show  that  radar  has  a prominent  place  in  earth  resources 


studies.  ¥e  believe,  in  fact,  that  it  may  play  the  primary  role  "when 
short-time  repetitive  coverage  is  required  in  areas  with  frequent  cloud 
cover. 

This  report  primarily  covers  the  activities  of  the  past  year,  but 
it  necessarily  depends  upon  worh  done  in  the  previous  years.  No  radar 
system  yet  flying  on  a NASA  Manned  Spacecraft  Center  aircraft  was  de- 
signed or  even  procured  for  this  program.  Results  to  date  have  been 
based  on  use  of  the  13.3-gigahertz  scatterometer  originally  procured 
to  obtain  engineering  data  for  the  Apollo  landing  radars.  The  Westing- 
house  AN/APQ-9T9  owned  by  the  U.S.  Ai*my  but  flown  under  NASA- funded 
contract;  the  U.S.  Air  Force  Avionics  Laboratory  AN/APQ-56,  flown  under 
NASA  contract;  and  the  Naval  Research  Laboratory  (NRL)  four-frequency 
radar  (equipped  for  imaging  by  NASA  funding  through  the  University  of 
Kansas  to  the  University  of  Michigan)  have  provided  the  images  studied 
so  far.  We  look  forward  to  the  new  radars  that  will  be  installed  on 
the  NASA  Manned  Spacecraft  Center  aircraft  and  to  improvements  in  the 
NRL  system,  so  that  the  years  ahead  may  be  even  more  productive  than 
those  just  past. 

This  report  is  concerned  first  with  the  scatterometer  and  then  with 
the  imaging  radar.  The  scatterometer  is  a specialized  instrument  with 
an  output  that  is  difficult  for  most  users  to  interpret.  The  radar 
imager,  however,  at  least  superficially,  should  be  much  easier  for  a 
wide  variety  of  user  disciplines  to  apply. 

Details  of  specific  mission  results  are  given  in  the  reports  by 
Dellwig,  McCoy , , Pierson,  Rouse , and  Simonett. 


RADAR  SCATTEROMETER 


The  radar  scatterometer  is  an  instrument  permitting  measurement  of 
the  radar  differential  scattering  coefficient  (radar  reflectivity) . The 
scatterometers  used  in  the  NASA  Earth  Resources  Aircraft  Program  deter- 
mine scattering  coefficient  as  a function  of  angle  of  incidence.  Other 
scatterometers  can  be  built  to  vary  such  parameters  as  polarizaticu  .'ind 
frequency,  as  well  as  angle  of  incidence. 


Aircraft  Program  Measurements 

Sea-state  measurement  is  probably  the  most  promising  spacecraft 
application  of  radar scatterometry . Details  of  the  sea-state  measure- 
ments under  the  program  have  been  reported  here  by  Pierson  and  will 
not  be  repeated.  The  sea-state  measiirements  may  be  uniai^e  in  that  they 
are  the  first  in  which  the  complete  curve  of  scattering  coefficient 
versus  angle  is  provided  for  each  patch  of  sea.  Thus  j the  measureiaents 
in  this  prograEi  should  be  and,  in  fact , are  more  consistent  than  those 


in  many  other  programs.  ”Sea  truth"  in  this  program  has  heen  more  com- 
plete than  in  nearly  every  other  program  of  radar  sea-return  measure- 
ments. Sea  returns  have  been  measured  in  this  program  from  seas  with 
stronger  winds  and  higher  waves  than  in  other  programs . 

The  scatterometer  has  shown  itself,  in  a first  test,  to  be  able  to 
discriminate  different  kinds  of  polar  sea  ice,  at  least  from  aircraft 
altitudes.  Rouse  has  reported  on  this  elsewhere  (ref.  50-1),  and  the 
details  are  not  given  here.  We  believe  that  this  is  the  first  time  a 
scatterometer  has  been  flown  over  sea  ice,  although  radar  imagers  have 
been  used  over  the  sea  ice  and  have  shown  great  promise  in  distinguish- 
ing kinds  of  ice  (refs.  50-2,  50-3,  and  50-U). 

The  radar  scatterometer  has  been  flown  over  several  land  test  sites. 
Its  resolution  on  these  test  sites  is  of  the  order  of  30  to  150  meters; 
therefore,  extrapolation  of  the  results  to  space  where  the  resolution 
will  be  kilometers  is  dangerous.  Nevertheless,  the  results  have  indi- 
cated possible  values  of  the  scatterometei’  as  an  aircraft  instrument, 
and  data-pro cessing  techniques  are  being  investigated  that  should  apply 
when  scatterometers  are  flown  in  spacecraft  over  the  land. 

The  only  land  scatterometer  data  thoroughly  investigated  to  date 
are  from  Pisgah  Crater,  where  the  ability  of  the  scatterometer  to  dis- 
tinguish the  different  geologic  units  has  been  shown  (refs.  50-5,  50-6, 
and  50-T) • Data-processing  techniques  have  also  been  studied  in  connec- 
tion with  these  flights.  Figure  50-1  shows  an  aerial  photograph  of  the 
Pisgah  Crater  area  with  the  curves  of  differential  scattering  coeffi- 
cient as  a function  of  angle  indicated  for  each  of  the  separate 
geologic  units . Clearly,  such  an  ensemble  of  curves  is  difficult 
interpret.  An  attempt  to  improve  the  situation  was  made  by  plotting 
the  difference  between  each  individual  curve  and  an  average  curve  for 
the  entire  flight  line,  as  shown  in  figure  50-2.  Differences  between 
alluvial  material  and  lava  are  more  clearly  indicated  on  this  illustra- 
tion than  on  figure  50-1.  Even  so,  the  results  are  difficult  to  inter- 
pret . 


A principal  components  analysis  of  the  scatterometer  data  indicates 
that  three  components  contain  more  than  90  percent  of  the  variance  of 
the  data.  Thus,,  it  seems  reasonable  to  express  the  results  in  terms  of 
only  three  components . ; The  three  principal  components  actually  contain 
information  from  more  than  three  angles  of  incidence.  Howeyet,  a sim- 
pler experiment  was  conducted  in  which  the  scattering  coefficient  meas- 
urement at  each  of three  angles  of  incidence  was  used  to  set  the  intensity 

of  a light  with  one  6f  the  primary  colors . Superposition  of  these  three 
colored  lights  gives  a resultant  color  that  is  the  result  of  the  combi- 
nation of  the  three  scattering  coefficients  (fig.  50-3).  Although 
figure  50-3  is  not  as  quantitative  a presentation  as  figure  50-1  or 
50-2,  figure  50-3  is  much  easier  to  interpret  when  compared  with  a 
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photograph.  Several  other  desplay  techniques  were  tried,  hut  this  one  was 
found  most  acceptable  to  the  geologists  involved  in  analysis  of  Pisgah 
Crater  radar  data.  More  details  are  given  by  Masenthin  (ref.  50-6). 

The  next  area  subjected  to  this  type  of  analysis  is  the  Garden  City 
agricultural  test  site.  Because  of  difficulties  in  alining  the  scatter— 
ometer  data  with  the  photographs , insufficient  time  has  been  available 
to  produce  the  color  output  such  as  that  in  figure  50-3.  Figures  50-4  and 
50-5,  however,  show  the  sort  of  variation  in  scattering  coefficient  curve 
and  deviation  of  the  scattering  coefficient  from  the  mean  curve  indicated 
for  the  Pisgah  Crater  data  in  figures  50-1  and  50-2.  Further  analysis  of 
the  Garden  City  data  will  be  forthcoming.  These  Garden  City  observations 
have  also  been  subjected  to  pattern  recognition  computations  like  those 
reported  in  another  section  of  this  report. 

Techniques  for  alining  scatterometer  outputs  with  aerial  photographs 
have  been  under  development  for  some  time.  When  the  auxiliary  data  anno- 
tation set  (ADAS)  system  is  operating,  the  alinement  presumably  will  be 
easy , but  it  is  far  from  easy  without  the  ADAS.  The  technique  used  now 
depends  on  a continuous  recording  of  the  scatterometer  output  at  a par- 
ticular angle  of  incidence.  Correlation  of  data— panel  photographs, 
aerial  photographs  of  the  area,  tape-recorder  annotations , and  the  scat- 
terometer trace  should  make  it  possible  to  aline  the  scatterometer  trace 
with  the  photographs.  To  accomplish  this,  a clearly  defined  boundary  is 
required.  Such  clearly  defined  boundaries  were  located  rather  easily 
with  the  polar  sea  ice  and  somewhat  less  easily  at  Pisgah  Grater.  At 
Garden  City,  the  boundaries  seem  to  be  much  harder  to  find.  Part  of  this 
appears  to  be  caused  by  the  switch  from  analog  filtering  to  digital  fil- 
tering in  producing  the  output  traces.  Some  characteristics  of  the 
digital-filtering  process  used  makes  the  outputs  less  susceptible  to 
interpretation  than  the  analog  process  used.  An  extensive  investigation 
is  underway  to  determine  the  difference  since  the  two  filtering  processes 
should  give  the  same  results.  A final  determination  cannot  be  made  un- 
til the  computer  program  flow  chart  and  the  computer  program  itself  are 
supplied  to  the  University  of  Kansas. 

Experience  over  the  past  year  in  working  with  the  Garden  City  scat- 
terometer data  emphasizes  the  heed  both  for  better  data  correlation 
(which  ADAS  is  expected  to  do)  and  for  selection  of  a flight  line  in 
which  outstanding  isolated  boundaries  are  included  near  the  end  of  the 
line  that  should  appear  in  both  the  photograph  and  the  scatterometer 
trace.  -■  • 

In  1965,  the  U.S.NRL  four- frequency  radar  aircraft  conducted  a 
series  of  measurements  of  radar  sea  return  off  Puerto  Rico  in  conjunction 
with  the  Applied  Physics  Laboratory  of  John  Hopkins  University.  A ship 
near  the  area  of  radar  measurements  made  stereophotographs  of  the  ocean 
surface.  Unfortunately,  most  of  the  data  were  obtained  while  winds  were 
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less  than  l6  knots,  and  only  one  point  above  that  (at  l8  knots)  appears 
in  the  data  (ref.  50-8). 

A most  significant  result  of  these  measurements  is  the  relative 
independence  of  frequency  for  radar  sea  return.  Of  course,  the  appli- 
cability of  this  result  to  wind  speeds  of  more  interest  in  foul-weather 
conditions  is  unknown.  The  average  data  are  shown  for  horizontal  and 
vertical  polarizations  in  figures  50-6  and  50-7.  No  cross-polarized 
data  on  frequency  dependence  were  reported.  If  this  result  applies  at 
higher  wind  speeds , the  choice  of  frequency  for  a spaceborne  radar 
scatterometer  for  sea-state  measurements  should  be  determined  almost 
completely  by  equipment  considerations , since  it  appears  that  any  fre- 
quency will  give  about  the  same  variation  of  sea  return  with  winds/ 
waves . 


Aircraft  Program  Equipment 

The  Uoo-megahertz  scatterometer  system  was  in  Houston  at  the  time 
of  the  meeting.  The  antenna  was  reworked  and  was  scheduled  for  pattern 
measurements  in  October.  Should  it  pass  these  tests,  the  system  will  be 
ready  for  installation.  A 1.6-gigahertz  system  has  been  recommended  for 
purchase,  and  it  is  our  understanding  that  negotiations  are  underway. 

A system  somewhere  between  1.6  and  13.3  gigahertz  would  be  desirable 
if  no  plans  were  made  to  provide  images  in  that  frequency  region.  If  an 
imaging  radar  can  be  obtained  in  that  region,  no  further  scatterometers 
are  required  for  the  low-altitude  aircraft. 

Plight  of  a scatterometer  in  the  B5T  should  give  evidence  of  two 
differences  of  spacecraft  measurements  from  the  low-altitude  aircraft 
measurements , although  the  B5T  does  not  actually  fly  high  enough  to 
test  either  fairly.  Over  the  sea,  the  high  altitude  should  permit  av- 
eraging over  a sufficiently  large  area  so  that  local  variations  in  the 
wind  will  have  less  effect  on  the  data  than  they  do  at  low  altitudes . 

At  satellite  altitudes,  the  illuminated  area  will  be  so  large  that  a 
truly  excellent  average  should  be  obtained.  The  B5T  at  least  approaches 
this.  Over  land,  the  scatterometer  and  other  poor-resolution  instruments 
should  be  tested  at  high  altitudes  to  see  what  they  can  do.  Many  of  the 
low-altitude  experiments  over  land  for  poor-resolution  instruments  are 
relatively  meaningless  in  terms  of  application  to  spacecraft  because  the 
resolution  is  so  important  to  the  results  of  the  experiment.  We  believe 
that  the  radar  scatterometer  will  have  considerable  Value  over  land  when 
flown  in  a spacecraft  , but  because  of  the  poor  angular  resolution,  it 
will  be  difficult  to  predict  such  uses  without  testing  them  in  a plat- 
form such  as  the  B5T« 


Accordingly , "wg  iDGlieve  'thaij  13116  B57  should  "bG  Gc^uippGd  'witih  a scai- 
tGroinGtGr.  SincG  a new  ohg  will  havG  to  bo  dcsignod  to  work  at  that  al- 
titude, an  interniGdiatG  frequency  such  as  3 gigahertz  (or  perhaps  even 
6 gigahertz)  may  well  he  appropriate. 


Related  Theory  and  Experiment 

Radar  return  theory  has  been  the  subject  of  many  papers  over  the 
years.  At  the  University  of  Kansas,  this  work  has  been  supported  by  the 

National  Science  Foundation^  and,  to  a limited  extent,  by  the  Earth  Re- 
sources Aircraft  Program  through  the  Naval  Oceanographic  Office.^  All 
theories  assume  some  sort  of  rough  surface  that  may  be  statistically  de- 
scribed. In  order  to  make  the  theories  analytically  tractable,  the  sta- 
tistical description  is  customarily  greatly  simplified  and,  in  fact , is 
usually  given  in  terms  of  an  autocorrelation  function  selected  for  its 
integrability  rather  than  for  its  relation  to  reality.  Comparison  be- 
tween radar  returns  as  modeled  with  an  ultrasonic  simulator  for  a known 
surface  and  the  theoretical  calculations  for  this  known  surface  have 
been  undervray  at  the  University  of  Kansas  for  some  time,  with  vaiying 
degrees  of  success  (refs.  50-9  and  50-10). 

The  boundary  between  the  ocean  and  the  air  would  appear  to  be  a 
much  simpler  boundary  to  describe  analytically  than  most  land  boundaries. 
This  is  true  not  only  because  it  is  simpler  than  one  involving  vegeta- 
tion, but  also  because  the  sea  is  (for  radar  purposes)  a homogeneous 
half  space,  with  the  air  being  another  homogeneous  half  space.  Over 
land,  however,  the  land  itself  is  far  from  homogeneous  and,  in  fact,  is 
usually  made  up  in  layers  which  frequently  contain  inhomogeneities  them- 
selves. Thus,  the  prospect  of  determining  the  radar  return  from  the  sea 
using  the  actual  sea  statistical  description  appeared,  at  first  sight, 
to  be  easy. 

The  results  for  computation  of  the  radar  backscatter  from  the  sea, 
using  the  spectrum  for  a fully  developed  sea  to  determine  the  autocor- 
relation function  of  the  surface,  are  not  very  encouraging.  Computed 
scattering  shows  almost  no  variation  with  wind  speed  (ref . 50-11) ; 
whereas , in  fact,  measurements  at  all  frequencies  indicate  that  the 
scattering  coefficient  varies  strongly  with  wind  speed  (ref .50-12) . 
Apparently , the  spectrum  normally  valid  for  most  oceanographic  uses  ne- 
glects some  factors  that  are  most  important  for  scatter  of  the  short 
radar  wavelengths.  Pierson  believes  that  these  factors  may  include 


^Grants  GP-2259 , GK-875 , and  GK-1153. 
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nonlinear  effects,  the  short— crested  nature  of  actual  waves  (assuming 
in  the  theory  that  the  waves  are  all  going  in  the  direction  of  the  wind), 
and  the  effects  of  foam,  spray,  and  breaking  waves.  None  of  these  is 
covered  in  the  gross  theory,  since  the  linear  theory  is  intended  more  to 
describe  the  components  of  the  waves  that  are  significant  for  ship  navi- 
gation rather  than  the  components  that  contribute  most  strongly  to  the 
radar  signal. 

Progress  tias  recently  been  made  both  at  the  University  of  Kansas 
and  at  the  NRL  in  application  of  a small-perturbation  model  to  describe 
the  small  structure  on  the  surface  of  the  ocean.  Wright  at  the  NRL  has 
used  this  small  perturbation  alone  (ref.  50-13),  whereas  Fung  at  the 
University  of  Kansas  has  combined  it  with  the  description  for  the  full- 
scale  ocean  (ref.  30-lk) . Thus,  Fung's  approach  might  be  characterized 
as  a two- component  description  of  the  sea:  large-scale  effects  and 

small-scale  effects.  Unfortunately,  it  is  difficult  to  know  where  to 
draw  the  line  between  large-  and  small-scale  effects;  therefore,  this 
is  only  a preliminary  attempt  at  explanation  of  sea  return.  Neverthe- 
less, the  results  obtained  for  variation  of  scattering  coefficient  with 
angle  apjjear  hopeful  and  seem  to  describe  the  experimental  results  some- 
what better  than  methods  using  the  full-scale  wave  description  alone. 

It  appears  that  the  description  of  the  ocean  surface  is  not  as  simple 
as  one  might  hope  in  developing  a radar  theory! 

With  Naval  Oceanographic  Office  sponsorship,  ultrasonic  simulation 
of  scabter  from  the  ocean  is  underway  at  the  University  of  Kansas.  The 
recently  observed  data  are  presently  bfeing  checked;  therefore,  no  curves 
are  presented.  The  conclusions  are  clear,  however.  A combination  of 
relatively  long  surface  waves  generated  by  a plunger  and  very  short  sur- 
face waves  generated  by  a fan  indicates  that  even  when  the  short  waves 
are  much  lower  than  the  long  waves,  they  are  the  major  contributors  to 
the  off-vertical  radar  return.  This  seems  to  be  in  accord  both  with 
theoretical  discussions  and  with  the  general  feeling  of  all  who  are 
working  in  radar  sea-return  research  that  the  small  structure  (which  is 
wind  dependent)  is  the  primary  determinant  for  radar  return  from  the 
ocean.  Of  course,  this  technique  does  not  permit  the  modeling  of  break- 
ing waves,  foam,  or  spray. 

Use  of  multi frequency  or  swept- frequency  radar  scatterometers 
and  imagers  should  give  the  same  kind  of  ’’signatures " (but  different 
ones)  found  in  the  visible  and  infrared  (IR)  regions.  An  acoustic  sim- 
ulation of  the  frequency  variation  of  radar  return  over  approximately 
a three-to-one  frequency  range  was  recently  completed  by  Rouse 
(ref.  5O-I5).  His  results  clearly  show,  for  the  targets  investigated, 
that  frequency  signature  is  indeed  feasible  in  the  radar  region. 

Rouse's  ultrasonic  simulation  involved  two  targets.  The  first  was 
a rough  surface  of  known  characteristics  used  also  for  comparison 


■between  theory  and  exj/eriment.  Figure  50-8  shows  the  frequency  variation 
of  scattering  coefficient  observed  for  this  target.  The  target  was  rela- 
tively smooth.  It  had  no  undulations  with  lengths  comparable  with  the 
wavelength  of  the  illuminating  radiation  at  any  of  the  wavelengths  used. 
All  undulations  were  much  larger.  This  target  was  then  covered  thinly 
with  fine  sand  particles  with  diameters  near  a wavelength  at  the  high- 
frequency  end  of  the  range.  The  result  is  shown  in  figure  50-9.  A ra- 
dar scatterometer  operating  across  this  frequency  range  would  obviously 
be  able  to  distinguish  betv7cen  the  target  with  and  without  the  sand,  as 
indicated  by  the  two  figures. 

A 4-  to  8-gig/ahertz  frequency-svept  ground-based  radar  system  is 
being  completed  at  the  University  of  Kansas  under  sponsorship  of  the 
Advanced  Research  Projects  Agency  and  the  Engineering  Topographic  Lab- 
oratories of  the  U.S.  Array  Corps  of  Engineers  (ref.  50-16).  Except  for 
a system  going  into  use  at  the  U.S.  Army  Waterways  Experiment  Station, 
this  is,  we  believe,  the  only  octave-bandwidth  earth-oriented  radar  in 
existence.  It  will  be  used  to  verify  the  potential  of  broad-spectrum 
radar  measurements  both  for  determining  signatures  and  checking  swept- 
frequency  scatterometry  and  for  improving  image  gray  scale,  as  dis- 
cussed later. 

Use  of  the  instrument  as  a ground-truth  device  in  connection  with 
MSA  aircraft  overflights , particularly  when  an  imaging  radar  system 
operating  within  the  band  of  this  system  is  provided  on  one  of  the  NASA 
aircraft,  will  provide  interesting  comparisons  comparable  to  those  now 
provided  in  the  IR  region.  We  hope  that  such  comparisons  can  be  made 
soon. 


New  Techniques 

Radar  scatterometers  operated  in  spacecraft , or  even  in  aircraft, 
may  be  power  limited.  Techniques  by  which  the  power  required  can  be 
reduced  are,  therefore,  always  of  interest.  At  the  University  of  Kansas 
recently,  a radar  receiver  concept  has  been  analyzed  that  uses  a receiver 
for  the  scatterometer,  similar  to  that  for  a Dicke  radiometer.  In 
the  Dicke  radiometer,  the  receiver  input  is  switched  alternately  to  a 
known  temperature  source  and  to  the  antenna  which  is  observing  an  un- 
known temperature.  Thus , a continuous  calibration  is  obtained.  By 
integrating  the  signal  from  the  known  source  long  enough,  the  effective 
temperature  of  the  receiver-may  be  determined  very  accurately.  A com- 
parable integration  of  the  unknown  source  determines  the  combination  of 
a signal  and  receiver  noise  accurately , so  that  the  difference  between 
signal  plus  noise  and  noise  alone  may  be  ascertained  with  great  preci- 
sion. In  applying  this  technique  to  the  scatterometer,  one  need  not 
use  a known  temperature  source.  The  total  noise  at  the  input  to  the 
scatterometer  is  a combination  of  the  receiver  noise  and  the  noise 
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picked  up  by  the  antenna  (radiation  from  the  target).  By  integrating 
long  enough,  this  noise  may  be  accurately  determined.  Similar  integra- 
tion of  the  signal  plus  noise,  when  the  radar  transmitter  is  activated, 
gives  an  accurate  value  for  signal  plus  noise.  The  difference  may  thus 
be  determined  accurately.  With  a signal-to-noise  ratio  of  unity,  an 
accuracy  of  about  ±0.7  decibel  can  be  achieved  with  the  integration 
time  involved  in  one  example  system,  for  space  (ref.  50-17). 

Several  authors  have  indicated  the  value  of  using  radars  and  radi- 
ometers together  (ref.  50-l8).  The  radiometer  measures  the  product  of 
emissivity  and  temperature,  and  emissivity  is  closely  related  to  the 
radar  cross  section  (ref.  50-19).  Thus,  making  both  measurements  to- 
gether may  well  permit  using  the  radiometer  as  a temperature-measuring 
device,  even  with  varying  emissivities . Calculations  made  recently  show 
that  the  amount  of  radar  power  required  is  very  small  with  a radiometer 
which  must  use  a very  high  gain  antenna  to  achieve  its  spatial  resolution. 
For  example,  a power  of  about  50  milliwatts  is  all  that  is  required  for 
one  system  operating  at  nimbus  altitudes  with  about  2.5°  beamwidth.  In- 
troduction of  such  a small  transmitter  on  a time-shared  basis  into  the 
radiometer  system  should  be  easy.  The  only  modification  in  the  receiver 
is  a separate  narrowband  receiver  channel  for  the  radar,  and  this  may  be 
added  after  the  low-noise  part  of  the  receiver.  Because  of  the  narrow 
pass  band,  either  a stable  transmitter  and  receiver  local  oscillator  is 
required,  or  an  automatic  frequency  control  must  be  used  for  the  receiver. 


IMAGING  RADAR 


Most  earth  scientists  make  extensive  use  of  spatial  relations  and 
texture  in  analyzing  remote-sensor  observations.  Thus,  they  prefer  ei- 
ther photographs  or  images  that  have  some  of  the  -cbaracteristics  of 
photographs , as  obtained  by  line  scanners  or  side-looking  airborne  ra- 
dars. Because  of  the  importance  of  spatial  context  in  analysis,  we  be- 
lieve the  imaging  radar  to  be  a much  more  'important  tool  for  the  land 
geoscientist  than  the  scatterometer , and  research  emphasis  should  be 
placed  accordingly.  Multispectral  radars  (polychromatic  systems)  are 
urgently  needed  in  the  program,  for  preliminary  indications  are  that 
such  radars  will  indeed  prove  valuable  in  the  earth  resources  activities, 
whether  they  are  flown  in  aircraft  or  spacecraft.  Multispectral  systems 
call  for  elaborate  data  processing  if  the  results  are  to  be  applied  effi- 
ciently..' , 
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Aircraft  Measurements 

No  new  radar  images  have  "been  produced  within  the  past  year  under 
NASA  Earth  Resources  Program  sponsorship.  This  is  most  unfortunate,  but 
the  big  backlog  of  images  provided  by  the  AN/APQ-9T  in  previous  years  is 
still  being  analyzed.  The  need  for  additional  measurements  with  careful 
experiment  design  is  clear,  however. 

New  analyses  completed  or  published  within  the  past  year  have  been 
reported  here  by  Simonett,  Dellwig,  McCoy,  and  several  U.S.  Geological 
Survey  personnel,  Dellwig’ s report  on  the  first  analysis  of  four- 
frequency  radars  at  Pisgah  Crater  is  most  encouraging  and  important. 


3 

The  NRL  four-frequency  imaging  radar  has  been  flown  experimentally 
several  times  within  the  past  year  under  sponsorship  of  the  NRL  and  other 
Department  of  Defense  (DOD)  agencies  as  well  as  the  Coast  Guard.  A mis- 
sion was  flown  north  of  Point  Barrow  over  the  Arctic  ice  in  April  I968 
for  the  Naval  Oceajiographic  Office.  Preliminary  investigation  of  the 
images  indicates  that  resolution  appears  adequate,  but  gray  scale  leaves 
much  to  be  desired.  The  NRL  has  recently  installed  new  amplifiers  in  the 
receiver,  which  should  improve  the  dynamic  range.  We  have  not  heard  the 
results  of  this  change;  although  signal  films  have  been  obtained,  they 
had  not  been  processed  to  produce  images  by  the  time  of  writing. 

Should  the  gray  scale  of  the  NRL  images  be  significantly  improved 
by  addition  of  this  amplifier,  we  believe  that  every  effort  should  be 
made  to  reincorporate  this  aircraft  in  the  Earth  Resources  Aircraft  Pro- 
gram, so  that  polychromatic  images  can  be  obtained  as  soon  as  possible. 

The  AN/DPD-2  is,  we  under.sta-n4-s-|>resentl^  in  Houston  OTaitT'ng  in- 
stallation on  the  P3A.  When  it  is  installed,  we  hope  that  a significant 
set  of  experiments  can  be  scheduled  to  test  its  capabilities. 

We  believe  it  to  be  most  urgent  that  a new  multi frequency  synthetic- 
aperture  system  be  procured  for  the  NASA  aircraft  program.  Such  a system 
should  have  between  three  and  five  frequencies  in  the  range  between  1 and 
10  gigahertz.  Although  it  would  be  desirable  to  fly  all  frequencies  at 
once,  a system  permitting  single  frequencies  to  be  flown  on  each  path  and 
changing  frequency  from  one  flight  path  to  the  next  would  be  acGeptable 
for  the  early  experiments. 


This  system  was  built  for  DOD  missions  but  equipped  for  imaging  by 
the  University  of  Michigan  through  a subcontract  from  the  University  of 
Kansas /NASA  contract  in  I965  and  1966.  Improvements  have  since  been 
made  at  DOD  expense. 
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Related  ^Experiments 

Most  synthetic-aperture  radars  and  many  real-aperture  radars  obtain 
only  one  independent  look  at  each  target.  Since  tens  to  hundreds  of 
looks  are  required  to  obtain  reasonable  average  values  of  the  radar  scat- 
tering cross  section,  the  individual  look  at  each  target  means  that  the 
observed  strength  of  the  target  echo  may  vary  widely.  The  result  is  a 
speckled  image.  The  same  phenomenon  can  be  seen  in  photographs  produced 
With  laser  (monochromatic)  illumination. 

One  possible  way  to  overcome  this  monochromatic  illumination  problem 
for  radars  is  use  of  a panchromatic  system.  Just  as  in  optics.  A system 
might  be  used,  for  instance,  in  which  a range  of  frequencies  is  used  so 
that  frequency  averaging  removes  much  of  the  uncertainty  and  produces  a 
reasonable  average  value  for  each  target  echo. 

A demonstration  of  the  value  of  the  panchromatic  radar  was  recently 
conducted  by  Rouse  using  the  ultrasonic  simulator (ref.  50-15).  Fig- 
ure 50-10  shows  two  images,  one  produced  with  a monochromatic  source  and 
the  other  with  a panchromatic  source.  The  structure  shown  in  the  mono- 
chromatic image  is  not  relevant  to  the  description  of  the  target,  which 
should  appear  relatively  smooth  in  an  image.  Clearly,  the  panchromatic 
image  accomplishes  this  purpose. 

Figure  50-11  demonstrates  this  even  more  strikingly.  Here,  a set  of 
monochromatic  images  produced  at  different  single  frequencies  is  compared 
with  two  panchromatic  images , one  with  ±3“percent  frequency  variation  and 
the  other  with  ±6-percent  variation. 

The  U-  to  8-gigahertz  electromagnetic  system  being  assembled  now 
will  be  used  to  produce  panchromatic  images,  as  well  as  scatterometer 
dat  a . 

We  believe  that  airborne  or  spaceborne  radar  systems  in  the  future 
will  use  the  polypanchromatic  concept  shown  in  figure  50-12.  Here,  the 
radar  uses  a somewhat  broad  spectrum  about  each  of  three  isolated  center 
frequencies.  Because  each  center  frequency  has  a "panchromatic”  charac- 
ter, good  average  values  for  the  echoes  are  obtained  1 Thh  lowest  fre- 
quency may  be  assigned  re!d,  the  middle _ frequency  green,:  and  .the  higher 
frequency  blue  in  ah  image-combining  system,  and  the  result  should  be  a 
consistent  color  every  time  the  target  is  imaged.  Without  the  panchro- 
matic nature,  consistency  would  exist  over  an  area,  but  at  Individual 
points  there  would  be  considerable  variation  in  color. 


Data  Processing 


The  production  of  multispectral  image  data,  whether  in  the  microwave 
range  or  in  some  other  frequency  range,  makes  some  sort  of  automatic  or 
semiautomatic  data  processing  almost  essential.  Difficulty  of  going  from 
one  image  to  another  to  pick  out  the  differences  is  indeed  great.  Work 
has  proceeded  at  the  University  of  Kansas  since  1964  along  two  parallel 
lines:  (l)  semiautomated  development  involving  extensive  use  of  a human 

operator,  hut  with  color  presentation  of  the  results  so  that  the  human 


interpreter’s  eye-hrain  communication  channel  can  best  he  used,  and 
(2)  the  computer  recognition  of  multispectral  (and,  for  the  scatterom-r 
eter,  multiangle)  information. 


We  believe  that  the  general-purpose  computer,  which  is  relatively 
slow  and  expensive,  should  he  used  to  determine  the  program  settings  for 
a real-time  processor,  either  on  an  absolute  signature  basis  or  by  com- 
parison with  a learning  set  of  observations  over  a ground-truth  site  to 
determine  the  signature  at  the  time  of  imaging. 

The  image  discrimination  enhancement  and  combination  system  (IDECS) , 
developed  at  the  University  of  Kansas  with  NASA  fimds  and  recently  im- 
proved and  expanded  with  DOD  funds,  permits  real-time  combination  and 
enhancement  of  images.  Furthermore,  through  use  of  its  ’’spectrance  se- 
lector" (formerly  called  "signature  selector" ),  signatures  are  recog- 
nized and  presented  on  a color  T?  display  in  the  form  of  colored  maps 
of  recognized  areas.  Unfortunately , few  adequate  signatures  are  avail- 
able at  present  to  program  the  spectrance  selector. 


Modifications  currently  underway  will  permit  coupling  the  IDECS 
to  magnetic  tape  units  so  that  images  may  be  scanned  in  the  IDECS,  dig- 
itized and  processed  on  a digital  computer,  and  the  results  displayed 
in  color,  with  and  without  further  IDECS  processing.  Figure  50-13  is  a 
block  diagram  showing  the  IDECS  and  associated  equipment.  The  only 
equipment  missing  is  the  small  computer  for  which  funds  have  never  be- 
come available.  The  following  is  a list  of  the  characteristics  of  the 
IDECS: 


1.  High-speed  image  processing 

2.  Acceptance  of  single-  or  multiple=input  images 

3.  Variety  of  outputs , including  enhanced  images false-color 
images , thematic  map  format , area  totals 

4.  Capability  of  using  a variety  of  "pattern-recognition  techniques" 
to  identify  selected  features 
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Numerous  improvements  have  been  made  in  the  IDECS  within  the  past 
year.  Tlaese  are  indicated  in  the  following  list  of  IDECS  investigations 
dui’ing  the  year  ending  August  1968. 

1.  Application  to  a variety  of  image  formats  and  test  areas 

2.  Development  of  computer  programs  to  determine  optimum  settings 
for  IDECS  controls 

3.  Breadboard  of  circuits  to  give  capabilities  for  area  measure- 
ment and  texture  discrimination 

4.  Design  of  interface  equipment  between  IDECS  and  digital  tape 

5.  Completion  and  initial  application  of  the  spectrance  selector 

i -A-lthough  the  IDECS  has  been  used  with  multiple-polarization  radar 
imagery,  the  lack  of  multispectral  radar  imagery  has  led  to  testing  with 
multispectral  photographs.  The  tests  described  here  were  performed  with 
multispectral  photographs  of  the  Bucks  Lake  forestry  test  site  obtained 
by  the  NASA  aircraft  (figs.  50-l4  to  5O-I8).  This  work  has  been  conducted 
cooperatively  with  Colwell’s  group  at  the  University  of  California.  Fol- 
lowing is  an  extract  from  a report  by  Estes,  Draeger,  and  Haiman,  grad- 
uate students  of  Colwell,  who  came  to  Lawrence  and  applied  the  IDECS  to 
the  multispectral  images  for  their  test  site  (ref.,  50-20).  V 

’'The  false-color  image  in  Figure  l4  was  used  to  differentiate 
the  serpentine-derived  soils , which  on, this  image  appear  green  in  color. 
The  Dubakella  and  Cohasset  are  the  two  soil  types  involved,  and  no  at- 
tempt was  made  to  further  discriminate  between  them. .. . 


"In  Figure  15  well-stocked  ^ature  timber  stands  appear  'Mack,  while 
areas  of  medium-stand  density  appear  mottled  green.  Areas  with  little 
or  no  timber  cover  appear  blue , white , or  red. 

"In  Figure  16  areas  of  dense  timber  appear;  i^  In  Figure  I7 

areas  of  i;*^.termediate  timber  densities  appear  in  green;  By  a simulta- 
neous interpretation  of  these  two  images , a regional  stratification  can 
be  made,  based  on  density  criteria  (sparse,  intermediate,  and  dense) .... 

"The  false-color-enhanced  image  iii  Figure  I8  effectively  discrimi- 
nates meadow  and  riparian  vegetation  from  a forest  matrix.  The  result 
indicates  drainage  patterns  as  well  as  ve get at ional  differentiation* 

The  red  areas  are  higher  in  soil  moisture. 

Prelii  iinary  interpretation  indicates  that  many  important  ground 
conditions  in  this  area  can  be  analyzed  through  the  14s e of  electronically 
enhanced  imagery.  Soil  and  vegetation  types  (riparian  and  meadow  versus 


other  associations  in  the  area)  can  he  differentiated,  leading  to  still 
further  inferences,  such  as  estimates  of  soil  moisture  content." 

These  preliminary  tests  show  this  technicjue  to  he  valid  hut  recjuiring  a 
great  deal  of  attention  from  the  human  operator.  Whether  adequate  sig- 
natures permitting  use  of  the  spectrance  selector  can  he  derived  either 
in  the  visible  or  radar  region  remains  to  he  determined  hy  further  ex- 
periment. Perhaps,  because  illumination  with  radar  is  better  controlled, 
radar  signatures  will  he  more  suitable  for  such  quantitative  application* 
than  visible  and  IR  signatures. 

The  University  of  Kansas  has  also  investigated  a group  of  digital 
data  compaction  and  pattern-recognition  techniques  for  multiple  images 
and  multiparameter  scatterometer  data,  using  both  real  and  artificial 
data.  The  techniques  are  as  follows : 

1.  Bayes'  statistical  decision  theory 

2.  Principal  components  analysis 

3.  Nonlinear  adaptive  learning 

4.  Spatial  clustering 

5.  Measurement  space  clustering 

Bayes’  statistical  decision  theory  is  a classification  technique 
applicable  when,  a priori  knowledge  exists  of  the  statistics  of  the  de- 
sired categories,  as  might  be  obtained  by  analysis  of  data  from  a ground- 
truth  region,  i Principal  components  analysis  may  be  used  for  data 
compaction.  The  other  three  techniques  assume  no  prior; knowledge  of 
data  statistics  for  known  categories.  They  may  be  used  to  find  natur- 
al classes  in  the  observations,  which  may  then  be  identified  with  de- 

classifications  by  a user.  Application  of  such  techniques  avoids 
unproductive  efforts  at  use  of  categories  not  really  distinguishable  by 
the  sensor. 

Bayes ’ theory  (ref.  50-21)  leads  to  a statistically  optimum  decision 
rule  on  the  basis  of  oui’  prior  knowledge  of  the  probability  distributions 
of  the  categories  we  consider  and  on  the  basis  of  our  economic  gains  and 
losses  for  correct  and  incorrect  identifications . A Bayes ' classification 
was  constructed  for  two  sets  of  Garden  City  agricultural  radar  imagery 
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(ref.  50-22).  The  first  set  consisted  of  three  images  in  time  sequence 
•with  the  following  polarization  comhinations : 

1.  HH  polarization  taken  in  August  I965 

2.  HH  polarization  taken  in  September  1965 

3.  HV  polarization  taken  in  September  1965 

The  second  set  consisted  of  four  images  taken  simultaneously: 

1.  HH  polarization  taken  in  July  I966 

2.  HV  polarization  taken  in  July  1966 

3.  VH  polarization  taken  in  July  I966 

4.  VV  polarization  talcen  in  July  I966  - 

Each  data  set  was  randomly  divided  in  half.  The  first  half  was  used  to 
estimate  the  conditional  probability  statistics,  and  the  second  half  was 
identified  on  the basis  of  a Bayes’  classification.  A unit  one  was 
gained  for  a correct  identification,  and  a zero  was  gained  for  an  incor- 
rect identification.  The  identification  of  the  second  half  of  each  data 
set  produced  the  results  shown  in  figures  50-19  and  50-20.  Ninety  percent 
of  the  types  of  surface  cover,  grouped  as  shown,  were  correctly  identi- 
fied for  the  "time  sequential"  set  (August  plus  two-polarization  data  in 
September);  78  percent  of  the  types  of  surface  cover,  grouped  as  shown, 
were  correctly  identified  in  the  "simultaneous"  set  (July) . September 
simultaneous  two-polarization  data  would  give  better  results  than  July 
four-polarization  data  (as  discussed  in  the  report  by  Simonett),  but  Sep- 
tember data  have  been  used  only  with  the  time-sequential  analysis/ 
application  of  Bayes'  theory. 

A Bayes'  classification  was  also  constructed  for  Pisgah  Crater  scat- 
terometry  data.  The  four  geologic  formation  categories  were  alluvial 
material,  porphyr it ic  olivine  basalt  flows  of  the  second  and  final  erup- 
tive phases  , microporphyritic  olivine  basalt  flows  of  the  first  eruptive 
phase,  and  playa-lake  sediment.  The  gain  function  was  the  same  one  used 
with  the  Garden  City  data.  The  data  set  was  randomly  divided  in  half. 

The  first  half  was  used  to  estimate  the  conditionaL  probabilities , and 
the  second  half  was  identified  on  the  basis  of  the  Bayes*  classification; 
82  percent  was  identified  correctly < Figure  5 0-21  summarizes  these  re- 
sults. ..  ' ^ ; , 

Principal  components  analysis  provides  a way  for  reducing  the  di- 
mensionality of  the  data  while  the  essential  data  structure  is  preserved 
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(ref.  50-23).  The  method  -works  particularly  -well  if  most  of  the  elements 
in  measurement  space  which  have  high  probability  lie  in  a linear  subspace 
or  flat.  Both  the  Garden  City  image  data  sets,  as  well  as  the  Pisgah 
Crater  scatterometry  data  set,  showed  that  most  of  the  data  do  indeed 
lie  in  a flat  (ref.  50-22).  This  is  an  important  fact  because  it  means 
that  data  of  high  dimensionality  mdy  be  collected  by  radar  imagers  and 
scatterometers , and  they  can  be  compacted  and  stored  or  transmitted  with 
low  dimensionality.  The  compacted  form  may  be  expanded  by  linea'r  trans- 
formation, and  the  original  data  set  may  be  reproduced  with  little  loss 
of  information. 

The  technique  may  also  be  applied  to  reduce  the  dimensionality  of 
the  input  patterns  employed  with  other  pattern-recognition  algorithms. 
This  enables  the  data-processing  time  and  cost  to  be  lessened.  The  re- 
sults of  principal  components  analysis  for  various  data  sets  are  as  fol- 
lows.; Finety-elght  percent  of  the  variance  of  the.  three-dimensional 
time^ sequential  Garden  City  image  data  is  accounted  for  in  a two- 
dimensional  flat.  Ninety- five  percent  of  the  variance  of  the  four- 
dimensional  simultaneous  Garden  City  image  data  is  accounted  for  in  a 
two-dimensional  flat.  Ninety- two  percent  of  the  variance  of  the  eight- 
dimensional Pisgah  Crater  scatterometer  data  is  accounted  for  in  a 
three-dimensional  flat.  Eighty-eight  percent  of  the  variance  of  one 
set  of  the  nine-dimensional  ice  scatterometry  data  was  accounted  for  in 
a three-dimensional  flat.  Ninety— two  percent  of  the  variance  of  another 
set  of  nine-dimensional  ice  scatterometry  data  was  accounted  for  in  a 
three-dimensional  flat.  Figures  50-22  and  50-23  illustrate  the  data 
projected  onto  the  principal  .two-dimensional  flat  for  the  simultaneous 
Garden  City  image  data. 

The  adaptive  learning  algorithm  has  a structure  similar  to  Rosen- 
blatt's: five-layer  perception  device  (ref.  50-24).  However,  the  weights 
are  interpreted  as  measures  of  association  between  the  corresponding 
output  patterns  6 of  the  sensor  units  and  the  output  categories  ri 
of  the  association  units  ^ The  weight  matrix  for  the  fourth  layer  is  the: 
transpose  of  the  wjeight  matrix  in  the  second  layer.  The  predictive  re-  i 
inforcement  procedure  is  based  on  the  following  consideration.  If  the  ' 
output  category  is  a good  one  and  if  g, . is  indeed  a measure  of  as- i 

■ ■ r'-:; 

sociation  between  the  Jth  pattern  component  and  the  ith  categbry  com-  i 
ponent,  then  from  the  output  rcategory  n,  a good  predidtioh  should  ber 
made  of  the  input  pattern  6.;  Ifr  the  problem  has  a solution  and  if 
some  of  the  predicted  qomponents  are  wrong,  then  the  corresponding 
weights  are  reinforced: in  such  a way  that  they  take  on  values  more  nearly 
consistent  Vith  the  measure:  of  association  the  problem  is  supposed  to 
represent.  Within  a few  hundred  reinforcements,  the  algorithm  constructed 
category  groups  from  the  Garden vGity  image  data,  which  it  was  able  to 
identify  almost  as  well  as  the  Bayes ' decision  algorithm  did  (fig.  50-19, 
ref.  50-25).  In  a very  noisy  set  of  made-up  data,  the  algorithm  converged 
to  a perfect  answer  within  a few  thousand  iterations. 
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The  spatial  clustering  technique  is  specifically  designed  fgr  multi- 
image data.  Data  structure  is  examined  from  the  perspective  of  spatial 
closeness,  measurement  space  closeness,  and  the  empirical  prohahility 
distribution  on  measurement  space.  A chaining  procedure  is  defined  which 
constructs  the  classification  by  finding  center  sets  and  then  links  the 
most  similar  points  to  each  of  the  respective  center  sets.  By  this  means, 
it  is  not  necessary  to  compute  the  astronomic  number  of  distances  between 
each  pair  of  points  on  the  multiple  image  as  would  be  required  with  the 
multiple-linkage  clustering  method  employed  in  numerical  taxonomv 
(ref.  50-26). 

With  a set  of  three  made-up  images,  each  with  dimensions  of  80  by 
80  (figs.  30-2k,  50-259  and  50-26)  with  normally  distributed  noise  0.27 
variance  added,  the  spatial  clustering  algorithm  identified  the  12  cate- 
gories 99.5  percent  correctly  (fig.  50-27). 

The  measurement  space  clustering  method  is  similar  to  the  spatial 
clustering  method  except  that  spatial  closeness  is  not  taken  into  ac- 
count, and  a more  exacting  definition  is  required  for  measurement  space 
similarity.  With  the  same  set  of  three  made-up  images,  the  measurement 
space  clustering  identified  the  12  categories  98.5  percent  correctly 

(fig.  50-28,  ref.  50-26)., 


EXPERIMENT  PHILOSOPHY 


V- 


Scatterometer 


The  scatterometer  is  a poor-resolution  instrument  by  nature.  The 
microwave  radiometer  is  also  naturally  a poor-resolution  instrument.] 

Some  IR  devices  are  poor-resolution  instruments  as  well.  This  poor  res- 
olution must  always  be  kept  in  mind  when  considering  space  applications 
of  the  scatterometer,  for  the  type  of  thing  that  can  be  done  from  an  air- 
craft may  not  be  feasible  with  a spacecraft  which  is  at  a much  higher 
altitude  and,  consequently,  has  a much  larger  resolution  cell.' 


We  believe,  as  indicated  by  Pierson,  that  the  validity  of  the  scat- 
terometer for  measuring  sea.  roughness  parameters  closely  related  to  the 
surface  winds  has  been  demonstrated,  although  it  has  certainly  not  been 

calibrated.  Sea  roughness  and  winds  :-d^ not  require  fine  resolutions. 

In  fact , coarse  resolutions  are  probably  bettei]  for  the  synoptic  scale 
computations  required  for  oceanwide  wave/wind  mapping^ 

The  scatterometer  probably  can  be  used  to  determine  the  major  ice 
boundaries  in  the  Arctic  and  perhaps  major  features  of  the  Antarctic 
continent.  Certainly,  ice  types  are  differentiated  at  small  scale; 
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whether  they  will  he  equally  well  differentiated  at  large  scale  remains 
to  he  determined.  Gross  boundaries,  such  as  those  between  grasslands 
and  forests,  between  frozen  and  unfrozen  ground,  and  between  dry  land 
and  land  that  has  recently  been  wet  down  by  rain  can  possibly  be  deter- 
mined by  the  scatterometer  from  space.  The  poor  resolution  should  not 
stand  in  the  way  of  the  scatterometer  for  this  function,  but  these  ap- 
plications have  not  been  fully  tested  with  aircraft  to  determine  wheth- 
er, in  fact,  the  scatterometer  return  is  different  on  the  opposite  sides 
of  the  boundaries . 

A gross-resolution  sensor  may  well  have  other  applications  from 
space.  For  example,  the  gross-resolution  sensors  in  Tiros  have  been 
used  in  providing  maps  of  the  Sahara  (ref.  50-27).  The  sort  of  appli- 
cation we  will  find  with  a resolution  cell  that  is  kilometers  or  tens 
of  kilometers  across  will  be  difficult  to  establish  before  the  scatter- 
ometer is  flown  in  space;  however,  its  generalizing  capability  may  well 
be  of  great  significance.  It  is  difficult  to  see  how  this'  sort  of  ap- 
plication can  be  checked  using  an  aircraft;  perhaps  use  of  the  B57  at 
maximum  altitude  will  permit  at  least  a preliminary  check  in  some  areas. 


The  aircraft  scatterometer  can  be  used  to  check  the  applications  of 
spaceborne  scatterometers  for  which  the  size  of the  resolution  cell  does ^ 
not  matter.  Over  the  ocean,  as  long  as  the  aircraft  is  high  enough  so 
that  major  wave  structures  are  illuminated  completely,  this  certainly 
should  be  true.  The  same  may  be  true  over  the  ice j and  the  aircraft  can 
be  used  for  checking  the  ability  to  determine  frozen-un frozen  boimdaries , 
wet-dry.  boundaries , and  forest-grassland  boundaries . Low- altitude  air- 
craft measurements  with  50-foot  to  a few-hundred-foot  resolution  proba- 
bly will  not  be  too  helpful  in  determining  other  spacecraft  uses  of 
scatterometers. 

Aircraft  scatterometers , however , can  be  used  in  the-  absence  ,of 
appropriate  aircraft  imaging  radar  to  learn  many  useful  pieces  of  in- 
formation about  potential  applications  of  imaging  radars  in  space.  Thus, 
an  aircraft  mission  at  low  altitudes  using  the. 400-megahertz  scatterom- 
eter should  be  able  to  detennine  the  difference  between  a signal  at  this 
frequency  and  one  at  13.3  gigahertz,  or  at  the  l6.5  gigahertz  of  the 
DPD-2.  In  the  absence  of  an  imager  near  ^00  megahertz,  this  -^i 11  give 
very  useful  information  about  the ■ potential  of  the  polychromatic  imager. 
When  a calibrated  imager  with  its*  ability  to  provide  good  spatial  context 
is  available,  however,  the  aircraft  scatterometer  will  fade  into  the^^  ^ 
background  for  this  application.  .-t- 

Radar  scatterometers  were  originally  installed  in  aircraft  to  obtain 
system  design  information  for  radars  (imagers,  altimeters,  autonavigators, 
etc.).  Because  most  of  the  programs  to  obtain  such  Information  had  lim- 
ited objectives  and  little  or  no  ground  truth,  information  is  still  spotty 
on  the  values  of  scattering  coefficient  to  be  used  in  radar  system  design. 
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As  a consequences  designs  are  probably  more  conservative  than  they  need 
be;  hence,  a more  extensive  use  of  aircraft  scatterometers  should  pro- 
vide system  design  data  which  would  permit  lower  power  space  radar  sys- 
tems and  should  provide  knowledge  of  possible  penalties  to  be  paid  for 
using  the  lower  power.  Furthermore,  the  aircraft  scatterometer  can  be 
used  to  determine  the  variation  of  scattering  coefficient  with  incident 
angle  so  that  an  optimum  angle  of  incidence  can  be  picked  for  a space- 
craft or  aircraft  radar  imager.  This,  we  believe,  is  an  important  appli- 
cation of  the  radar  scatterometer  in  aircraft;  but  data  analysis  is 
primarily  important  for  the  radar  designer.  The  user  scientist  is  im- 
portant here  only  to  guarantee  that  the  designer  is  meeting  the  user^s 
real  needs  rather  than  those  imagined  by  the  radar  engineer. 


Radar  Imager 


Obtaining  multi frequency  multipolarization  radar  imagers  for  use  in 
the  NASA  Program  is  most  important.  Multi  frequency  imagers  will  cer- 
tainly be  important  in  space. 

It  is  easy  for  the  radar  imager  to  cover  large  areas.  The  large- are a 
coverage  obtained  with  the  AN/APQ-9T  has  been  used  to  advantage  in  both 
geographic  and  geologic  studies.  The  use  of  very  small  test  sites  in 
which  extensive  ground  truth  is  gathered  may  be  appropriate  for  some  ra- 
dar applications,  but  the  experiments  for  the  imager  should  also  include 
large-area  ’’test  sites’’  in  which  the  generalizing  capability  of  the  im- 
ager can  be  used  to  advantage.  Furthermore,  the  simplicity  of  operation 
for  obtaining  wide-area  coverage  may  make  it  desirable  to  obtain  images 
for  users  not  in  the  NASA  Earth  Resovirces  Aircraft  Program  while  going 
from  one  place  to  another  as  a part  of  the  program.  Thus , a larger  graup 
of  the  scientific  community  would  be  drawn  into  the  program,  at  least  su- 
perficially, and  more  users  will  be  ready  when  images  are  available  from 
space. 

Numerous  experiments  should  be  conducted  using  the  radar  imager  to 
determine  such  things  as  the  effect  of  look  angle,  angle  of  incidence, 
repeatability  of  the  imaging,  the  effect  of  the  ’’pebbliness"  of  synthetic 
aperture  image  on  interpretation,  and  similar  information.  Much  work 
remains  to  be  done  along  these  lines. 


CONCLUSION 


The  NASA  Earth  Resources  Aircraft  Program  has  led  to  a great  expan- 
sion in  our  knowledge  of  geoscience-resource  applications  of  radar,  even 
though  the  MSG  aircraft  are  just  being  equipped  with  a radar  imager  and 
multifrequency/polarization  scatterometers.  Multifrequency  imaging 
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radar,  preferably  "polypanchromatiG should  give  even  more  important 
results.  The  progress  in  multiimage  data  processing  shows  great  poten- 
tial of  both  semi-real-time  and  general-purpose  computer  techniques,  but 
progress  here,  too,  will  be  even  greater  when  multi  frequency  radar  data 
are  available . 
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Figure  50-1.-  Curves  of  radar  differential  scattering  coefficient  versus  angle  of  incidence 
compared  with  photograph  showing  regions  from  which  the  data  were  obtained  using  the 
13.3-gigahertz  scatterometer . 
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Figure  50-U.-  Curves  of  radar  differential  scattering  coefficient  versus  angle  of  incidence 
compared  with  a line  map  of  the  Garden  City  Test  Site  area  from  which  the  data  were  obtained 
with  the  13.3-gigahertz  scatterometer. 
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Figure  50-5.-  Curves  of  difference  between  radar  differential  scattering  coefficient  and  values 
for  a mean  curve  compared  with  a line  map  of  the  Garden  City  Test  Site  area  frcMi  which  the 
data  were  obtained  with  the  13.3-gigahertz  scatterometer. 
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Figiire  50“6.-  Variation,  of  radar  * differential  scattering 
cross  section  with  frequency  as  reported  by  Daley  of  NRL 
(horizontal  polarization) / The  parametri  angle  is  the 
elevation  angle,  the  complement  of  the  angle  of  inci- 


ence. 
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Figure  50-7.--  Variation  of  radar  differential  scat- 
tering cross  section  witli  frequency  as  reported 
by  Daley  of  NRL  (vertical  polarization) , The  para 
metric  angle  is  the  elevation  angle,  the  comple- 
ment of  the  angle  of  incidence. 
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Frequency  dependence  of  scattering  coefficient  obtailied  by  ultrasonic  simulation 

( undulat ing  sur f ac e ) . 
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(a)  Monochromatic  Image  of  two  spheres 
(f=  1.5  MHz) 


transducer 


(b)  Swept  frequency  image  of  two  spheres 
(f=  1.5  MHz  + 10%) 


Figure  50-10.-  Effect  of  frequency  average  on  image  of  sphere  targets. 


f»  1.43  MHz  f«  1.52  MHz  f»  1.64  MHz  f»  1.74  MHz  f»  1.82  MHz 


F=  1.64  MHz  f=  1.64  + 0. 05  MHz  f = 1.64 + 0. 1 MHz 


Figure  50-11.-  Monochromatic  images  of  the  same  target  made  at  nearby 
frequencies  compared  with  psmchromatic  images  with  ±3-percent  and 
±6-percent  frequency  variation.  These  images  were  produced  in  the 
ultrasonic  simulator. 


Figure  50-12.-  Example  of  possible  spectral-response-sepaxated  trichromatic  radar 
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Figiire  50-13.-  Block  diagram  of  the  IDECS  and  associated  equipment 
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Figure  50-1^.—  False— color  IDECS— enhanced  image  of  Bucks  Lake  Test  Site.  Original  data  multi- 

spectral  photographs  from  NASA  aircraft  926  overflight. 
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Figure  50-15.-  False-color  IDECS-enhanced  imsige  of  Bucks  Lake  Test  Site.  Original  data  multi- 

spectral  photographs  from  NASA  aircraft  926  overflight. 
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Figure  50-16.-  False-color  IDECS-enhanced  image  of  Bucks  Lake  Test  Site.  Original  data  multi- 

spectral  photographs  from  NASA  aircraft  926  overflight. 
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Figure  50-17.-  False-color  IDECS-enhanced  image  of  Bucks  Lake  Test  Site.  Original  data  multi- 

spectral  photographs  from  NASA  aircraft  926  overflight. 
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Figure  50-18.-  False-color  IDECS-enhanced  linage  of  Bucks  Lake  Test  Site.  Original  data  multi- 

spectral  photographs  from  NASA  aircraft  926  overflight. 
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Surface  Cover  Actually  Measured: 
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Number  of  Measurements  Identified  as: 


1 

(a) 

bare  ground 
pasture 

(b) 

grain  sorghum, bare 
ground-wht. , alfalfa 
wheat  stubble -weeds 

(c) 

corn 

(d) 

sugar  beets 

(a)  bare  ground 
pasture 

22 

(91%  cor.  id.) 

2 

0 

0 

(b)  grain  sorghum, 
wheat  stubble- 
weeds,  alfalfa, 
bare  ground- 
wheat 

5 

73 

(91%  cor.  Id.  ) 

2 

■ 

0 

(c)  corn 

0 

0 

2 

(67%  cor. id.) 

1 

(d)  sugar  beets 

0 

0 

1 

5 ;■ ■ 

(83/  cor. id.) 

Figure  50-19.-  Identification  accuracy ; for  August -September  19 6 5 
radar  imagery.  A random  sample  of  113  Imeasurements  of  field 
averages  from  a total  set  of  226  were  used  to  train  a Bayes’ 
decision  classifier,  and  the, .other  113  measurements  of  field 
averages  were  classified  on  the  Basis  of  the  Bayes'  decision 
rule;.  Ninety  percent  of  the  types  of  surface  cover,  grouped 
as  shown,  were  correctly  identified.  Each  field  had  the  in- 
dicated type  of  surface  cover  for  Both  the  months  of  August 
land  SeptemBer,  jbhp  exception  Being  Bare  ground/wheat , which  I 
was  bare  ground:  in  August  and  wheat  in  SeptemBer.  (The 
91-percent- correct  identific^ion  in  grofips  a Ind  B means 
that  91  of  the  measurements  in  each  of  th^se  groups  were  ac- 
tually identified  as  Being  in  that  group.  In  general,  the 
Individual  types  of  surface  cover  within  each  group  were 
completely  confused  with  one  another . ) 
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. Figure  50-20.-  Identification  accuracy  for  July  I966  radar 

. ■ ; J imagery.  A random  sample  of  129  measurements  of  field 

j .: , averages  from  a total  set  of  251  were  used  to  train  a Bayes 

. l.f ' ' decision  classifier,  and  the  other  122  measurements  of 

.■  field  averages  were  classified  on  the  Basis  of  the  Bayes 

decision  rule.  Of  the  types  of  surface  cover  shown, 

' -r  . '.f;  T8  percent  were  correctly  identified  in  the  groupings. 

‘ I (The  85-percent-correct  identification  means  that  85  per- 

[.  cent  of  the  measurements  in  group  h were  actually  identi- 

' ■ \ fled  as  Being  in  group  B.  In  general,  the  individual 

.1  ;■:!  types  of  surface  cover  in  group  B were  completely  con- 

1 fused  with  one  another. ) 


Surface  Cover  Actually  Measured 


NUMBER  OF  MEASUREMENTS  IDENTIFIED  AS: 


Alluvial 

Material 

Porphyritic  Olivine 
Basalt  Flows  of  the 
Second  and  Final 
Eruptive  Phases 

Microporphysitic  Olivine 
Basalt  Flows  of  the  First 
Eruptive  Phase 

Playa 
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Sediment 

2\ 
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15 

67 
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2 ' 

0 
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16 

Figure  50-21.-  Identification  accuracy  for  Pisgah  Crater  scatterometer  data. 
A random  sample  of  13h  measurements  from  a total  set  of  268  was  used  to 
train  a Bayes’  decision  ciassifier,  and  the  other  13^  measurements  were 
classified  on  the  basis  of  the  Bayes ' decision  rule.  Eighty-two  percent 
of  the  measurements  were  identified  correctly. 


pjlKiiliHiliinii-T  1|-  --  r i iwwm  


O 


Stj-os 


o HARE  GROUND 
• atAW-SORGHUM 
O WHEAT  STUBBLE 


• alfalfa 


- # °t]€: 

o V* 




• ••a  *•' 

A 


Figxire  50-23.-  Scattergram  of  August  I965  to  September  I965  Garden  City  radar  image 

data  projected  on  its  first  two  principal  axes. 
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Figure  50-2U.-  Image  1 of  made-up  data. 
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Figure  50-25.-  Image  2 of  made-up  data. 
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Figure  50-26.-  Image  3 of  made-up  data. 


50-50 


ARriBRepRRRCCCCCCCCCCCCCrCCrrrrRPRRRBPBHRRHRBHrtRRRBBRPRBRBRRRPBpRPnReRBPRBP0BPRPA 
RABBBSHBRRCCCCCCCCCCCCCCCCCCCChPHHPRhbHHrtpRPBbbRRRHBPRhHHHRRRctHortPBRbhRtiRBHrtHbAH 
BBABRRHBBBCCCCCCCCCCCCCCCCCCCCBBRRBRPbPRBbBBBabBRBBRBBHRHBRBRBRRBPBRPPRBBRBXRABR 
BBBABBBBRRCCCCCCCCCCCCCCCCCCCCbRBBHBBbPBBbBbbBbbBBrtbbbHbRBbBBbBbBPoBbobbbBBoAbBB 
BBBBAbbBBBCCCCCCCCCCCCCCCCCCCCbbbbMRBbhHbbbHbbbbMBbBHBbRbHbflbtabrtHbbBBRhbBBHAbbbB 
BBBBBAbBBBCCCCCCCCCCCCCCCCCCCCRPrtHBPBHBbMHbRbBBBHBBBRBbBHRBHBBBBBBBBBBBBBBAbBbBB 
BBBBflbABbriCCCCCCCCCCCCCCCCCCCCbriribbBbnbbrtbbbnbbBbBbbbBbRbBrtrtHbbdrtbribbMBbbABbBbBB 
BBBBbBbABBCCCCCCCCCCCCCCCCCCCCBbbBrtbBbbbbbbbbbbBBhBBBBbboBBBbbbBBbbBbPBBAPBoBbdB 
BBBBBBHBAHCCCCCCCCCCCCCCCCCCCCbRHBBBBBRRHHBHriHbBHHRPPBbBHBRbBbBBRHbBBBBABPBBBBBH 
BBBBBBBRRACCCCCCCCCCCCCCCCCCCCBBriRHBbbrtBRbhHbBBBHBBBBHHHBHRBBbBBHBbbBHAbbBBoBhBH 
BRBBBBBBRBDCCCCCCCCCCCCCCCCCCCHBBBPBBHBBrtbBHHBBHHBHBPBBRBPBBBBHRRPrtBBAPBBPBbHbRP 
BBRBBBHBRBCDCCCCCCCCCCCCCCCCCCbHBBBBBHRBRBRnHBbBHRBBBBHRBBflBPBBHBBbHAbBBBBbbBbBR 
RBBBRBBBBRCCDCCCCCCCCCCCCCCCCCBHBBBBBRBHRBBBbBBRBBBRPRBRBPBBPBPBRBBARRRBbBBBBBXR 
RBBHRReBRRCCCDCCCCCCCCCCCCCCCCBBRRBRBBBRBbRRHHBHPBRRPBPRRRRRRHBBRPABPRPBBBBPPanP 
BBBBBBBBBBCCCCDCCCCCCCCCCCCCCCBRBRBMBBhBBHRBbBRHBBBBBBBBBRBBRBBBRABBBRRHBPBbPBBR 
BBBBBBbBHBCCCCCDCCCCCCCCCCCCCCBBBBBHBbbBBbHBbBBBRflBBRBbBBBBBbbBHAhbBBHbbBRBbRoBP 
bbBBbbbBbbCCCCCCbCCCCCCCCCCCCCbbbbHbbDODbbbbDbbbobbbbbbdbBHBbbDAbbBbbbbbbBbDBbbB 
aBBbbbnBbbCCCCCCCDCCCCCCCCCCCCbHHPBBbobBbbBbXbbBBbBBBbbBBHRBBbABBBbHRPbbBBdoHbdP 
BBBBBBHBHRCCCCCCCCDCCCCCCCCCCCHHHBHBHbbbBbbbBBbHHBBBHBBHHBBBBMhbBBbaBBBbBbbbBbBH 
BBBBBBbBBRCCCCCCCCCOCCCCCCCCCCbHbBbBHBBBBbHbBBBBBBflhbBBdbBBBADHBBBbBBbBBBBbbbohB 
bBBBBBBBrtBCCCCCCCCCCDCCCCCCCCCHBHr^HbBbbrtbbHbbBabbBbBBXbBBBBABbBbRbbBBbBbBbBbbbbB 
BBBBBBBBBRCCCCCCCCCCCDCCCCCCCCbHBBBRbbbRbBBBbBBHBBBBBBBBXRABBdBBBPBBBBBBOBboBbdB 
BBRBBBHBBBCCCCCCCCCCCCDCCCCCCCBRBBRRBBBRHPBBBBBRRBBRRRRBPAXBBBRHBPHBRRRBR^BBRBBR 
BBBBRRBBRRCCCCCCCCCCCCCDCCCCCCBRBR-»RBbBRBBPHBrtBBBBBBBBbHARBBPBRbBBHPHHHBBRBbBBBn 
BBRBBBBBBBCCCCCCCCCCCCCCUCCCCCbHBRBHBbBRbbbHbBRBHHBBBBnAbBBBPBBHBBnbBBHbBRBbRBBR 
BBBBBBHRRBCCCCCCCCCCCCCCCDCCCChBBHHBBBBHHMtiBBrtRBHBBRBBABBBBBBBBBBBiJBbbBbbRBBPbBB 
BBBBBabBBBCCCCCCCCCCCCCCCCBCCCrtBBHBRHbbBbbBBBbBRbBBBBAbBBBBBBBBBBBBBBBBBflBBbRbBP 
BBB8BBBBRHCCCCCCCCCCCCCCCCCDCCBHHRHRHhbBHbriBbBHHBBHPAhBBBBBBBBBBBBnHBRB(3RRbBPBBB 
BBBBBBDBBBCCCCCCCCCCCCCCCCCCDCHHBHHBBHBBBBBBBRBBPPBABBBHHBBBBBBBBBBBbdBBBBboPoHP 
HBBBBBBBBBCCCCCCCCCCCCCCCCCCCDBBBBBRBBBHBBBBrjBBRBPABBBRBHBBBBBXXbBBBBBBBBBBBBBBB 
EFEEEttEEEKFPFFFt-FPf-FKhKFhhKH-BFhf-FPhH-FJ-hH-KPhFFbPFFPFFFFPFFI-f-FFhFFKf-t-PFFf-PFFFF 
EEEEEELEEEFFFFFFFFFFFFFFFhFFl-FrbFrFFFFFFFFFJ-hFFFCjFFFFt-FFFFFFFFFFFFFFFFr  FFFFFFFFF 
EEEEEEcEEEFFFFFFFFFFFFFFFFFFFFFF&FFf  F> F FF FF F F FFGFF FFFF F F FF F FFF F FFFFF FF r F FF FF F F FF 
EEEEEEEEEEFFFFFFFFFFFFFFFFFFFFFFFOFFFFFFFFI FFFbFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 
EEEEEEtEEEFFFFFFFFFFFFFFFFFFFFFFFFoFFFFFFFFFF(jFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 
EEEEEEEEEEFFFFFFFFFFPFFFFFFFFFF  FFFFGFFFFF  FFFuFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFhFFF 

eeeeeeeeeeffffffffffffffffffffffffffgffffffgffffffffffffffffffffffffffffffffffff 
eeeeeeeefefffffffffffffffffff  FFFFFFFFGFFFFGFFFFFFFFFFFFFFFFFFFF  FFFFFFFFFFFFFFFFP 
EEEEEEtEEEFFFFFFFFFFFFFFFFFFFFFFFFFFFFGFFGFFFFFFFFFFFFFFf  FFFF F F FFFFF FF F F FF FFF F F F 
EEEEEElEEEfFFFFFFFKFFFFFFFFFFFFFFFFFFFFGGFFFFFFFFFFFFFFFF FFFFFFFFFFFFFFFFFFFFFFF 
EEEEEEtEEEFFFFFFFFFFFFFFFFFFFFFFFF  FF  FFFOOFFF  FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 
EEEEEEEEFEF FFFF FFFFF FFF FFFFFFFFFFFFFFFGFFGFFFFFFFFF FFF FFFFFFFF FFFF FFF FFFFFFFFFFF 
E EEEEEtE EEFFFFFFFF FFFFF FFFFFFKFFFFFFFGFFFFGF FFFFF FFFFF FF FFFFF FF FFFFF FF FFFFF FFFFF 
EEEEEEtEEEFFFFFFFFFFFFFFFFFFFFFFFFFFGFFFFFFGFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 
EEEEEctEEEF FFFFFFFFFFF FFFFFFFF FFFFFGFFFFFFFFGFF FFF FFFFFFFFFFFF FFFF FF FFFF FFFFFFFF 
EEEEEEEEFEF FFFFFFFF FFFFF FFFFFFFFFFGFFFF FFFFF F6FFFFF FFF FFFFFFFFFFFFFFFFFFFFFFF FFF 
E EEEEELE EEFFFFFFFF FFFFF FFFFF FFFFF OFF FFFFF FFF FFGFFFF FFF FFFFF FFF FFFFF FFF FFFF FFFKFF 
FEEEEEEEEEFFFFFFFFF  FFFFFFFFFFFFFGF FFF FFF FFFF FFFGFFFFFFFFF FFFFFFFFFFFFFFFFFFFFFFF 
EEEEEEEEEEFFFF FFFF FFFFF FFFFF FFFGFF FFFFF FFFFF FFF FGFFFFFFFFFFFFFF FFFFFFFFFFF FFFF FF 
E EEEEEEE EEF FFFFFF FF FF FF F FFF FFFGFFFFF FFFFFFFFFFFFFGF FFF FFFF FFFF FFFFFFFFFFF FFF FFFF 
BBBBBRBBBRHHHHHhHHHHHHHMHHHHHGIBBBRHBBBBBBRBbBBBBBABBBBBBBBBBBBBBBBBBBHdBHBBHBBB 
BBBBBaBabRHHHHHriHHHHHHHhMMHHGHlBBBPBBbBBBBPbdBBBRBBABBRBBBBBBbBBRBbBBBBBBBBoRBBB 
BBBBBBBBBRMHMHMHnHHriHHHHMHHGHHlBdBBBBbBBBBBBBBBBBBBBABBBBBBBBbBBBBBBBBBBBBBoBBPB 
BBBBBBBdBBHHHHMHHHHHHHHHHHGHHHlBBBBBhBBBBdRbbBBBBBBBBABaBBBBBBBBBBddBBBBBBBoBBBB 
BBBBBBBBBBHHHHHHHHMHHHHHH0HHHHIBBBBBBBHBBBBBBBHBRBBRBBABBBBBRBBBBBBBRRBE3BBBBBBBB 
BBBBBBBBBBMHMHMHMHMHHriHHGHHrlHHlBBBHBHXHBBBBBBBBflBdBBBBBABBRBBBRBBRBBBBBBBRBBRBBB 
BBBXBBRBBRHHHHHHHHHHHHHGHHHHHHIPRRRPPBPRBBRRRPBBBBBRBBBBARRPRBRRBPRBBnPBBBBHPBPP 
BBBBBBBRBRHHHMhHHHHhHHGHHHHHHHIPBBPXPBRBRBBBBBBBBBBPBBRBRARBBBBBPBBBBBBBRBBBPBBR 
BBRBRBPBBBHHHHHMHMHMHGHHhHHHHHIBRRRRnBRBBBBBBBHRRBBBRBRBRBARBBRRRBBBBRPHPPBRPBPR 
RBBBRHRBBRHHHHHHMHHHGrlHHHMHMHHlRBPRPPBPRBBRBBBBBRBRRPBRRRRRARBRRRP»«PRPRRRBBRRRB 
BBBRBBBRRRHHHHHHHHHGHHHHHHHHHHIRBRBRBRRBRBRBBRnBBRRBBRRBRRBRABRRRBRRPBRrtBRBRPBRB 
BBRRRRRBBRHHHHHHHHGHHHHHHHHHHHIRBRBRBBRflBBRRBRBRBBRRPRRRRRXBRAXHRPRBRBRHBPBBRBBP 
BBRBBRBBHBHHHHHHMGMriHHHHhHHHHHiaRRRRRaRBRBBBBBBRBBBRBBRBBRBBBDABRBbflBBBdBHBDBbBB 
BBflBBBBdBBMHHHMHoHHHiiHHMHhrtHtiHlbBBrtBHdBBBhBBDBriHbBBBBBBBBRBBBBBAbBBbXbBBBHdbBbBR 
BBBBBdBBbdHHriHHGHrtHMHHHrtHHptriHHlBBdBBbBBdaBBBBBdBBbBBBBBBBBBbBBBBAflodBBBbBBdoRbBb 
BfaBBBRBBrtflriHrtHGHt-iHHHHHHHHHHrtHHlBBBBBHbBbBBBBBBBBbBBBBBBBBBRBBBXBBABBbBBnBBdBBbBB 

bbbbbbbbbbhhhgmmhhhhhhhhhhhmhhibbbrbrbbbbbbbbbbbbbbbbbhbbrbbbbbbbbabbbbbrrbbbbbb 

BBBBBBBBBBHH&HHHHHHHHHHHHHHrtHHIBBBflBBBnBBBBBBBBRBBBBBBBBBBBBBBBBBBBAPPBaBflBBBbBR 

BBBBbdBHBBt-iGHHHHHHHHHHHHHMHMHHIHXBBBBBBBBBBBBBBBbBRBBHBBaBBBBBBBBBBBAHBbBBBBRBBP 

BBBBBHBBBBGHHHHHHHHHHHHHHHHHHHIRBBHRBdRBRHRBBRHRRPPRRPRBRRRBPBPPPPBRBAPBRRBBRRRR 

RBBBBRBRBAHHHHHHHHHHHHHHHHHHHHlRRRRRRBRHBRE^PBRflBRBBRBBBRRRMPBBBPRRBRRPABPRBBBPBR 

BBRBBRBBARHHHHHHHHHHHHHHHHHHHHIBBRPRRBBBBBRRBBRPPRBPRBBBBBBBBBBHBBBRBPBARPBHPHBP 

BBBBBBBABBHHHHHHHHHHHHHHHMHHHHlHBBRBBBBHBBBBBBHBBBBBBBRBBPBBBBBBBHbHBRBHAPBBPBBR 

RbBBBHARPBHHHHHHHHHHHHHHHHHHHHlBPBRPPBPRBBBPBBRHBPPRPPPRRHRRRPRRXPPiRBRBBRABEiPHBP 

rbrrbabbhrhhhhhhhhhhhhhhhhhhhj«<k<bp««k<rb«<k<<rb<k.<«<bblbbbpbbrlrbrrabbhbb 

BBBBABBBBBMHHHHHHhHHHHHHMHHHHJlBRBBBBKBBBBKBBKBBPRBBPKBBBBBRBLBBBPhBBLBBnPBABbBR 
BRRABBBBBRHHHHHHHHHHHHHHHHHHHJ  IXBRRRB<KKK<XBBK<K<KKRRXK<KX<B8LLLLLLBBLHBRRBC1ABBB 
BBABRBBBBRHHHHHHMHHHHHHHHHHHHJIHBHRBBKBBKBBBBKBBBBRBBBBBBRKRBLBBRRLPRLPflBPatiRAPB 
BABBBBBBHRHHHHhHHHHHHHHHHHHHHJKKKKKBBKBBBBKBBKKKKKKBBKKKKKKBBLLLLLLBBLBaBRBllHBAB 
ABBBBBBBBBHHHHHMHHHHHHHHHHHHHHIDBBRBBBBBBBBBBBRBBBBBBBRBBRBBBBBBRBBBBRBBHBBBBBRA 


Figure  50-27.-  Classified  image  of  made-up  data 
using  spatial  clustering. 
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Figure  50-28.-  Classified  image  of  made-up  data  using 
measurement  space  clustering. 
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INFRARED  STUDIES 

By  D.  S.  Lowe 
University  of  Michigan 


The  NASA  Remote  Sensing  Aircraft  Program  uses  infrared  (IR)  scanners 
for  thermal  mapping  and  multispectral  sensing.  This  paper  discusses  a 
few  aspects  of  what  can  or  cannot  he  done  with  the  current  scanner  in- 
strumentation. 

Optical -mechanical  scanning  is  a well-estahlished  technique  despite 
the  many  engineering  prohlems  that  seem  to  plague  scanners.  Some  ex- 
amples of  optical-imaging  scanners  are  early  television  systems,  aerial 
reconnaissance  scanners,  the  Nimbus  scanning  radiometers,  and  more  re- 
cently, the  Soumi  spin-scan  camera  in  the  ATS  satellite.  Compared  with 
cameras  of  comparable  resolution,  the  scanner,  though  simple,  is  rela- 
tively complex.  Why  then,  use  scanners?  The  following  are  some  of  the 
advantages : 

f ' 

1.  The  scanners  can  operate  in  any  region  of  the  optical  spectrum.. 

2.  The  electrical  signal  can  be  readily  transmitted,  recorded, 
analyzed,  or  processed  as  needed  or  desired. 

3.  The  detectors  generally  have  a very  large  dynamic  range,  and 
the  detection  process  is  reversible.  (That  is,  unlike  photographic 
film  the  detectors  are  reusable.) 

The  sensor  is  amenable  to  calibration  and  can  yield  quantita- 
tive data. 

Collection  of-,  data  simultaneously  in  many  wavelength  channels 
is  possible . 


To  be  detected,  an  object  must  be  contrasted  with  its  background. - 
To  identify,  one  needs  additional  information  which  is  gleaned  from  i 1 
such  parameters  as  shape,  tone,  texture,  environment,  and  knowledge  of 
the  subject  matter.  We  have  seen  a number  of  examples  of  investigators 
searching  for  the  optimum  wavelength  of  best  Icontrast.  About  6 years  I 
ago,  researchers  at  Michigan  recognized  that  conventional  black  and’ 
white  images  are  limiting  in  their  ability  to  contrast  an  object  in  a 
large  variety  of  backgrounds . In  large-area  search,- it  is  apparent  that 


some  means  of  object-to-background  contrast  enhancement  vould  be  desir- 
able for  quick  detection.  Since  spectral  information  is  lost  in  systems 
that  record  broadband  reflectance  or  emittance,  the  question  was  asked 
whether  or  not  a sensor  could  be  developed  which  would  use  the  spectral 
information  in  a scene  so  that  the  resulting  image  contrast  takes  ad- 
vantage of  this  spectral  information.  For  example,  perhaps  the  tone  in 
the  resulting  image  may  represent  how  well  the  spectrum  of  a scene  point 
correlates  with  one  known  to  exist  for  the  object  being  sought.  If  con- 
trast is  enhanced  to  the  point  that  all  backgrounds  are  suppressed,  one 
then  has  spectral  recognition  of  the  object.  The  multispectral  sensor 
described  in  the  following  discussion  was  designed  to  investigate  the 
feasibility  of  developing  such  a sensor. 

^In  an  IR  scanner  the  detector  is  used  as  the  field;  stop,  and  a fil- 
ter is  placed  in  the  radiation  path  to  limit  the  wavelength  of  operation. 
Instead  oi  throwing  away  this  unwanted  radiation,  the  entrance  slit  of; 
a multichannel  spectrometer  can  be  used  as  the  field  stop  (fig.  51-l). 

In  such  a system,  each  detector  of  the  spectrometer  observes  the  same 
resolution  element  of  the  scene,  but  in  a different  wavelength  region. 


The  airborne  multispectral  instrumentation  at  Michigan  obtains  data 
in  18  bands  simultaneously  in  the  wavelength  [interval  of  0.32y  to  13.5pi. 
Four  scanners  are  used  to  obtain  this  coverage.  Twelve  channels  are 

with  a multichannel  spectrometer  so  that  the  signals  are  reg—  > 
istered  and  can  be  mixed  or  processed  electrically.  Two  of  the  ^scanners 
are  fitted  with  filtered  three-element  arrays  of  InSb  and  InAs  detectors.^ 
The  detectors  are  alined  to  scan  a scene i point  sequentially,  and  the 
video  signal  can  be  brought  into  registration  through  time-delay  lines. 
Other  spectral  bands  are  obtained  with  a filtered  ultraviolet  (UV)  photo- 
multiplier and/or  filtered  single-element  InSb  and  GeiHg  detectors. 

I ; ■■  ■ 

The  output  signal  from  each  detector  element  is  a video  signal  cor= 
responding  to  the  scene  brightness  in  the  particular  Wavelength  region 
of  operation.  The  tapie-recorded  multichannel  video  signals  can  be | dis- 
played and  analyzed  in  a humber  of  ways  to  obtain  information  aboui the 
spectral  characteristics  of  signatures  necessary  for  designing  an  opti- 
mum signal  processor  ;for  an  operational  spectriim-matching  sensor. 

Figure  51-2  shows  typical  A-scope  traces  from  two  channels  of  data.  ' 
In  this  format,  the  detector  signal  deflects  the  oscilloscope  beam  in  ' 
the  y-direction,  while  the  scan  position  within  a line  is  the  x-direction' 
This  format  is  not  too  unlike  a microdensitometer  trace  overl  a photo—  j 
graph.  In  the  two  tracesjof  figure  51-2,  at  the  left  the  detector  is 
looking  inside  the  dark  sCannei^.  As  the  detector  moves  to  the  right, 
it  scans  the  scene  below  the  aircraft  and  then  back  inside  the  scanner 
and  two  calibration  sources . 
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Another  useful  way  to  examine  the  data  is  shown  in  figure  51-3. 

This  figure  shows  two  examples  where  the  video  signals  from  two  chan- 
nels are  used  to  deflect  the  heam  of  an  oscilloscope  in  the  x-  and 
y-directions . Since  the  deflection  in  the  x-direction  is  determined 
"by  the  signal  from  one  wavelength  channel  (color)  and  the  signal  in  the 
y-direction  from  another  channel,  this  x-y  plot  can  he  considered  to 
represent  a.  two-dimensional  color  space.  As  the  tape-recorded  data  are 
played  hack,  the  position  of  the  oscilloscope  heam  is  determined  hy  the 
brightness  of  the  resolution  element  in  the  two  hands  used  to  deflect 
the  heam.  Inspection  of  data  played  hack  in  this  manner  allows  one  to 
make  judgments  of  the  color  variations  in  the  scene. 

The  video  signals  from  the  multiple  detectors  can  he  sampled  to  de- 
termine the  spectral  distribution  of  the  radiation  from  scene  elements. 
Figure  51-^  shows  a sampled  raw  spectrum  of  a calibration  panel  as  ob- 
served by  the  12-channel  scanner,  and  figure  51-5  shows  the  reduced 
spectrum  of  the  panel.  The  solid  curve  is^  the  spectrum  as  measured  in 
the  laboratory.  This  measurement  is  what  is  called  hemispherical  re- 
flectance. In  the  field,  hemispherical  reflectance  is  not  observed, 
since  direct  solar  illuminance,  plus  down-welling  radiation  from  the 
clouds  and  sky,  are  available.  The  circles  represent  the  spectrum  value 
measured  by  a spectrometer  on  the  ground  under  natural  illumination  dur- 
ing the  overflight  of  the  aircraft.  The  x^s  are  the  reflectance  values 
observed  with  the  airborne  scanner  as  it  flew  over,  taking  approximately 
20  000  spectra/sec . These  spectra  do  not  have  to  be  reduced  manually. 
Rather,  the  data  can  be  digitized  and  analyzed  by  a digital  computer. 

To  determine  the  effect  of  observation  and  illumination  angles  on 
the  spectral  signature  of  crops,  the  aircraft  is  flown  low  over  large  | 
fields  so  that  they  subtend  a large  angle  beneath  the  aircraft.  Fig- 
ure 51-6  shows  a computer  print-out  of  the  manner  in  which  the  radiance 
of  a wheat  field  varies  with  scan  angle  in  four  wavelength  channels. 

Each  scan  line  represents  the  mean  value  of  as  many  as  100  scan  lines. 

It  can  be  noted  that  there  is  correiation  among  channels  (i.se.,  all  the 
signals  increasing  with  angle).  The  cause  of  this  effect  is  illustrated 
in  figure  51-T » in  which  the  aircraft  heading  with  respect  to  the  sun 
is  changed.  When  the  scan  plane  is  parallel  to  the  sun,  the  scanner  ob- 
serves the  field  under  highlighted  and  backlighted  conditions.  Under 
this  condition,  the  signal  varies  strongly  with  angle.  When  the  scanner 
scans  perpendicular  to  the  plane  of  illuminationj  the  signal  is  rela- 
tively constant  with  scan  angle. 

While  the  variation  in  reflectance  with  angle  at  first  appears  too 
foimidable  to  correct , it  is  interesting  to  see  how  the  spectral  infor- 
mation -varies  with  angle.  Figure  51-8  plots  the  signal  from  a wheat 
field  in  color  space  using  the  signals  from  channels  5 and  10  of  the 
mult ispectral  scanner . It  is  noted  that  there  is  a strong  correlation 
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in  variation  of  the  signals  from  these  tvo  channels  as  the  angie  of  ob- 
servation changes.  With  the  knowledge  of  the  spectral  characteristics 
of  objects  and  their  background  it  is  possible  to  develop  optimum  de- 
cision rules  for  making  the  spectral  discriminations  as  shown  by  Hoffer, 
Landgrebe , and  Holter . 

The  current  multispectral  scanner  has  the  serious  shortcoming  that 
it  operates  in  a narrow  interval  of  the  optical  spectrum.  In  I966,  the 
University  of  Michigan  performed  a design  study  for  MSA  and  came  up 
with  the  specifications  of  an  instrument  given  in  table  51-1.  This 
scanner  would  cover  the  spectral  interval  of  0.32]i  to  13. 5y  in  as  many 
as  29  bands  with  perfect  time  and  space  registration. 


TABLE  51-1^^  SCAMER-SPECTROGRAPH  SPECIFICATIONS 


0.1 
0.003 
15  (6  in.) 
2000 


35 


20 


<1 


Turning  now  to  IR  imagery,  I would  like  to  make  two  comments  regard- 
ing tonal  distortions.  Many  of  the  earth  resource | applications  require 
a scanner  to  determine  surface  temperature  on  a quantitative  or  semi - 
quantitative  basis.  For  ease  of  signal  handling  and  recording , the  elec- 
tronics of  scanners  developed  by  the  military  are  ac  coupled.  As  a 
result,  the  average  signal  level  at  the  output  of  the  electronics  is 
zero,  and  the  instantaneous  signal  is  known  only  as  to  atS  valuS  with 
respect  to  this  average.  In  such  a system,  the  tone  jOf  an  object  in  an 
image  is  dependent  upon  other  object-sltha  lie  withiri  the  scan  lines 
which  determine  the  average  signal  level.  Consider  a scanner  flying  par- 
allel to  a land/water  interface.  Assume  that  the  land  is  warmer  than 
the  water  and  that  two  passes  are  flown,  one  directly  over  the  shore- 
line and  the  other  off  shore.  The  resulting  video  signals  from  ac -coupled 
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electronics  are  hypothesized  in  figure  51-9,  along  with  the  average  sig- 
nal level.  As  shown  in  figure  51-9,  the  signal  difference  B between 
land  and  water  is  independent  of  the  flight  line,  while  the  magnitude  of 
the  voltage  representing  land  A is  smaller  when  the  scanner  is  flown 
over  the  shoreline  than  when  it  is  flown  over  the  water.  Thus,  when  the 
scanner  is  flown  off  shore,  both  the  land  and  the  water  appear  warmer  in 
the  imagery  than  when  the  scanner  is  flown  directly  over  the  shoreline. 
The  difference  in  signal  between  land  and  water,  however,  is  the  same. 

By  similar  synthesis  of  video  signals  over  terrain,  it  can  be  shown  that 
the  tone  of  any  object  in  the  imagery  is  affected  by  the  signal  from 
other  objects  within  its  environment.  Figure  51—10  shows  imagery  gene- 
rated with  an  ac-coupled  scanner  without  dc  restoration.  It  should  be 
noted  that  thermal  patterns  are  clearly  evident,  but  that  some  of  the 
tonal  variations  (vertical  striations)  are  an  artifact  of  the  instru- 
ment arising  from  ac  coupling. 

This  problem  of  nonquant it at ive  tones  in  ac-coupled  imaging  systems 
can  be  readily  corrected  by  a technique  known  as  dc  restoration.  This 
technique  requires  that  the  video  signal  contain  a repetitive  signal  of 
constant  level  from  a source  whose  position  in  the  video  is  known.  One 
such  signal  may  be  the  inside  of  the  scanner  housing,  provided  it  can  be 
made  constant  throughout  the  data-collection  mission.  Since  the  relative 
magnitudes  of  the  signals  are  preserved  in  an  ac-coupled  system,  if  the 
tone  of  the  source  known  to  be  constant  is  maintained  constant,  the  tones 
of  all  other  objects  are  quantitative,  provided  the  amplification  gain 
is  constant  and  the  sensor  is  calibrated.  The  circuitry  for  dc  resto- 
ration is  well  known  and  is  used  in  television  systems.  The  circuitry 
requires  electronically  sampling  the  output  level  of  the  known  and  con- 
stant signal  and  adding  or  subtracting  a dc  voltage  to  make  the  signal 
constant. 


While  dc  restoration,  or  clamping,  makes  the  tone  of  an  object  in- 
dependent of  its  environment,  the  tone  is  quantitative  if,  and  only  if, 
the  system  response  (volts  out/watts  in)  is  constant  and  known.  If  the 
response  is  constant , which  implies  fixed  detector  response  and  ampli- 
fier gains , then  the  response  can  be  computed  from  the  observation  of 

: ' ' ; 2, 

two  or  more  sources  of  known  radiance  (watts /cm  ster).  If  the  response 
is  linear,  twp  sources  will  suffice.  Because  the  detector  response  is 
temperature  dependent,  frequent  calibration  is  desirable,  which  leads 
to  a scariner  that  carries  its  own  reference  and  calibration  sources. 
Even  with  these  calibrations,  one  can  only  be  quantitative  with  respect 
to  the  apparent  radiance,  the  true  surface  radiance  as  modified  by  at- 
mospheric absorption  and  emission.  By  observing  sources  on  the  ground 
of  known  radiance,  the  atmospheric  effects  can  be  determined.  Surface 
temperature  is  then  related  to  the  radiance  through  emissivity  and  the 
Planck  radiation  law  for  blackbodies.  The  MSA  MSG  is  concerned  about 
the  lack  of  dc  restoration  in  its  scanners,  and  plans  are  underway  to 
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correct  this  deficiency  in  scanners  aboard  their  aircraft.  The  dual- 
channel  scanner  under  procurement  will  have  calibration  sources,  as  well 
as  dc  restoration. 

Another  source  of  tonal  distortions  in  IR  imagery  is  from  the  lim- 
ited dynamic  range  of  the  display  and/or  recording  medium.  The  output 
signal  from  the  detector  is  generally  linear  with  respect  to  the  radia- 
tion input  over  the  levels  encountered  in  the  thermal  mapping  of  natural 
features.  When  one  is  interested  in  observing  thermal  details  of  a par- 
ticular feature,  the  gain  setting  for  photographic  recording  is  usually 
adjusted  to  give  optim-um  contrast  of  the  feature  being  investigated. 

As  an  example,  figure  51-11  is  a stripmap  which  MSA  generated  over  test 
site  162.  The  mission  was  to  map  the  thermal  patterns  in  Lake  Michigan. 
With  the  gain  setting  properly  adjusted  to  observe  this  feature  the 
thermal  features  on  the  land  were  "washed  out."  Thus,  it  is  highly  im- 
portant that  the  investigator  inform  the  operator  as  to  the  purpose  of 
his  data  so  that  the  proper  gain  setting  be  made.  Had  the  operator  ad- 
justed the  gain  in  figinre  51-10  to  avoid  saturation  of  the  land  feature, 
the  fine  thermal  detail  in  the  water  would  be  lost.  Solutions  exist  for 
overcoming  the  limited  dynamic  range  of  the  recording  medium  such  as 
parallel  recording  of  the  data  at  different  gain  levels  and  automatic 
gain  control.  The  University  of  Michigan  is  currently  studying  this 
problem  with  particular  emphasis  on  space  applications  for  which  telem- 
etry and  recording  bandwidths  are  a premium.  Preferred  methods  for 
recording  the  full  dynamic  range  of  the  scanner  signal  will  be  recom- 
mended . 
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Figure  51-2.-  Typical  spectrometer  video  data  (U).  California  Rice  Fields  5/26/66  at  lUoO  hours 
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Figure  51-^.-  Raw  spectrum  of  green  paint. 
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Figure  Signal variation  as  a function  of  scan  angle  and  direction. 
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Figure  51-8.-  Distribution  of  wheat-field  signals  data  taken  June  30,  1966, 

09 :06  hours . 
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Figure  51-9 •-  Typical  signal  relationships  of  dwell 
time  on  land  to  water  changes. 
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